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r^rV^nDr'^ri-This  project''' began': 5  Hay  ;1966  as  part  of  the  tj ;S, '"Army  Program 
'  '  Synthesis  of  Antimalarials  to  meet  needs  for  drugs  effective 

against  new  resistant  'strains  of  P.  falciparum.  .For -the  first  year 
i'  v-'  i'  ,iit  was -under  co-principal  investigators,  Robert  E.  Lutz  and  Alfred 
;  Burger;  and  it  was  continued  under  REL  for  another  three  years  (to 
;-i,  his  retirement,  slimmer  1970).'.  The  Chemistry  Department  then  closed 
•:  )■  laboratory  facilities  for  further  work  on  unfinished  last-minute 

'  problems.  This  Final  Report  was  delayed  in  favor  of  attempts  to 
.  complete  the  work  elsewhere ,  and  by  decision  of  REL  first  to  write 
(hi;  the  last  five  of  the  total  of  eleven  papers  which  describe  the 
!  '’i  .,.’  .  results  and  which  are  incorporated  herein.  Papers  7-9  have  since 
;  '/  •  been  published  (1971,  1973) ;  and  it  is  expected  that  papers  10  and 

|'ll  will  be  published,  during  1975.  Grateful  Acknowledgment  is  made 
•r.;  '  'of  the  intelligence,  perseverence.  Initiatives  and  hard  work  of  the 

';-i;  above  named  Postdoctoral,  and  Postgraduate  Research  Associates  and 


t 


1  i 


-2- 

I. 

II. 

III. 


III.  Table  of  Con tan us 


Personnel . 


Foret’?ord  and  Introduction. 


Table  of  Contents. 


OTIC 

t~\  r '  'Z  1 :  U. 


\ 


X .  Report  Documentation  Page.  " 

'  -Sg5$s- 


taVeo**; 


-2- 

Pa  p-e 
No. 

1 

2 

2 


IV. 

Summary  of  Results. 

3 

V. 

Methods,  Results  and  Discussion  (with  references  and 

6 

1. 

acknowledgements' ) . 

V, 

4-Quinoline  Aminoalcohols  with  and  without  2-aryl. 

6 

2. 

2-Trif luoromethyl-4-quinoline  Aminoalcohols . 

17 

3. 

3-Quinoline  Aminoalcohols. 

23 

4.. 

Isosteres.  6-Benzothiazole  Aminoalcohols; 

30 

5. 

2-Aroxy  and  2-pChloroanilino  4-Quinoline  Aminoalcohols. 

33 

6. 

3 -Subs t  ituted-2-arvl-4-qui.no  line  Aminoalcohols . 

37 

7. 

Aminoalcohols  Based  on  2-Vinyl.ogs  of  2-p-Chloropnenyl- 

55 

4-Quinoline  and  2 ,3-Trimethvlene~4-quinoline . 

VI. 

List  of  Publications  on  work  under  this  contract. 

67 

VII. 

Lis 

t  of  Publications  by  R.  E.  Lutz  on  World  War  II  Research 

*8 

Under  the  Committee  on  Medical  Research.  Aminoalcohols  as 

Potential  Antimalaria  Is . 

VIII. 

List  of  New  Compounds  submitted  to  VJRAIR. 

69 

A. 

Aminoalcohols  for  Antimalarial  Test  and  Their  Immediate 

69 

Percursory  Ketones  and  Alcohols. 

B. 

Some  Intermediates. 

7^4 

IX. 

Distribution  List.  _ , 

76 

77 


-3- 


-3- 


IV.  Summary  o£  Results 

Seventy srvfcn  new  aminoalcohols,  chiefly  of  the  4-quinoline 
type,  were  synthesized,  following  older  leads  and  in  exploration 
of  new  ones  (List,  p.  70  ).  The  hope  was  to  eliminate  the  photo¬ 
toxicity  then  supposed  to  be  assiciated  with  nuclear  through- 
conjugation  of  the  2-ary lquinoline  ring  system  However,  the 
highly  curative  compound  _1  made  during  World  War  II  by  the  Virginia 
group,  despite  its  phototoxicity  in  animals,  was  chosen  by  WRAIR 
for  clinical  study  in  man  where  it  proved  highly  successful  both 
as  prophylactic  and  cure  for  several  strains  of  P  falciparum, 
with  phototoxicity  inconsequential. 


Part  1.  Nineteen  new  2-aryl-4-quinoline  aminoalcohols,  analogs 
of  l,  proved  highly  active  and  curative  against  P  berghei ,  but 
they  were  phototoxic  in  animals.  Attempted  synthesis  of  2-penta- 
fluoro  analogs  was  not  completed  (p.  16).  Five  new  analogs  with¬ 
out  the  2-aryl  were  ineffective  (p  6  ). 


Highly  curative  in 
animals  and  man; 
phototoxic  in  animals 
but  not  in  man. 


Moderately  active; 
phototoxic  in 
animals . 
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Highly  curative 
and  non-phototoxic, 
both  in  animals 
and  man 


Part  2.  Ten  derivatives  in  which  the  2-aryl  was  replaced  by  2-CF3 
Tfl  showed  moderate  antimalarial  activities  but  were  phototoxic  in 
animals  (p  17  ) .  Four  bis-CF3  analogs  (of  3)  were  highly  curative 
of  £  berghei  and  non-phototoxic  in  animals;  and  clinical  trials  of 
the  2,8-bis-CF3  compound  3  in  man  have  proved  highly  successful 
(p.  20  ). 

Part  3.  Shifting  the  aminoalcohol  chain  from  quinoline  position-4 
to  3  was  ineffective  in  eight  compounds  (4)  without  a  2-aryl  group 
(and  also  in  six  2-aryl  analogs  made  by  the  Monsanto  Research  Corp. 
group  under  P  F.  Donovan  and  W.  R.  Smith)  (p.23). 

Part  4.  Twelve  quinoline  isosteres,  6-benzothiazole  aminoalcohols 
5,  proved  ineffective  against  P  berghei  in  mice  (p  30). 
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Inactive 


Inactive 
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Part  5.  Twelve  4-quinoline  aminoalcohols  carrying  2-£-substituted- 
phenoxy  (analogs  of  §)  were  made,  and  also  2- (N-£-chloro-anilino) 
analogs,  hoping  that  interruption  of  the  2-phenylquinoline  conju¬ 
gation  by  the  heteroelement  and  conversion  to  a  forked  conjugated 
system  would  eliminate  phototoxicity  without  impairment  of  anti- 
malarial  activity.  However,  the  five  that  were  tested  were  photo¬ 
toxic.  The  very  high  curativity  of  the  6 ,8-dichloro-2- (jj-chloro-/ 
phenoxy)  compound  (£5)  was  comparable  with  that  of  _1,  with  high  / (, 
probability  that  (as  with  l)  the  animal  phototoxicity  would  notN  ^ 
carry  over  into  man. (p.  337. 


Highly  curative; 
phototoxic  in  animals 


Highly  curative; 
phototoxic  in  animals 


Part  6.  Four  2-aryl-quinoline  aminoalcohols  carrying  Cl,  Br,  F, 
or  O-Me  in  the  3-position  were  synthesised  in  the  hope  that  steric 
interference  with  the  nuclear  planarity  and  through  conjugation 
would  lower  phototoxicity  without  detriment  to  antimalarial  cura¬ 
tivity.  Three  of  these  with  favorable  6  ,8 ,4 ' -trisubstitution 
showed  high  cuiativlty  toward  P.  berghei  but  were  phototoxic.  The 
most  active  compound  was  the  6 ,8 ,4 ' -trichloro-3-f luoro  compound 
and  it  appears  very  unlikely  that  its  animal  phtotoxicity 
would  carry  over  into  man  and  inhibit  usefulness  (p.372). 

Earlier  work  begun  under  the  Office  of  Ordinance  Research  offered 
a  possible  route  to  3-substituted  2-aryl  quinolines  starting  from 
suitably  substituted  cis-chalcones .  With  partial  support  from 
National  Science  Foundation  grants  to  REL,  and  encouraged  by  possi¬ 
ble  usefulness  here,  this  work  was  completed. (p .  50). 
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Part  7.  The  6 ,8-dichloro-4-quinoline  aminoalcohol  with  a  2,3- 
trimethylene  fused  ring,  8,  proved  to  be  moderately  active  and  non¬ 
phototoxic  in  animals  (p.  55).  A  unique  6,8-dimethyl  analog  of 
tr-;s,  jj,  the  last  compound  made  under  the  contract,  is  a  2-vinylog  of 
2-ary  1-4-quinoline  aminoalcohols ,  which  carries  a  £-chlorostyry 1 
group  developed  at  the  quinoline  position-2  and  extruding  as  a 
part  of  the  rigid  2 ,3-tricarbon  fused  ring.  This  was  highly 
curative  in  spite  of  the  relatively  poor  auxopharmocophoric 
quality  of  the  6,8-dimethyls  (as  compared  with  6,8-dichloro 
of  the  primary  target  analog,  the  synthesis  of  which  was  not 
completed5^ ) .  It  was  non-phototoxic  in  animals  and  was  chosen 
for  clinical  trials  on  man  (a  project  now  shelved)  (p.37),  A 
sample  of  the  simpler  2-styril  analog  10  without  the  2 ,3-tricarbon 
fused  ring  has  since  been  made  (197^)  and  submitted  to  WRAIR  for  test. 


Moderately  active;  Highly  curative; 

phototoxic  in  non-phototoxic  in 

animals.  animals. 
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Part_L.  4-quinoLina  AroinoalcoholS  with  and  without  2-A*ryl. 

Communication  to  the  Editor 

Reprinted  from  the  JOURNAL  OK  HETEROCYCLIC  CHEMISTRY.  4,  450  ( 1067). 

Department  of  Chemistry,  University  of  Virginia 

Pyridyl  Ketones  by  Addition  of  Pyridyllillunm  to  Carboxylic  Acids. 

A  New  Synthesis  of  a-{2-PiperidyI)-2-aryl-4  qninolineinethanols  (1) 

D.  ft.  Boykin,  A.  R.  Patel,  R.  E.  Lutz,  and  A.  Burger 

Antimalaria  Is.  I. 


Sir: 

Resurgence  of  the  malaria  problem  led  us  to  synthesize 
a  number  of  the  title  compounds,  a  type  which  had  pre¬ 
viously  been  made  by  a  cumbersome  6-step  synthesis  from 
the  corresponding  quinoline-4-carboxylic  acids  (2).  We 
now  report  a  new  and  more  convenient  2-step  synthesis  hv 
which  wc  have  made  fifteen  a-(2-piperidyl)-2-aryl-quiiio- 
linemethanols  in  the  6-methyl,  8-methyl,  6,8-dimethyl 
and  8-trifluoromothyl  s  ries  ( cf .  III).  Also,  by  a  variant 
in  the  second  step,  we  have  made  twenty  ft-(2 -pyridyl) 
analogs  of  type  IV  which  represent  a  new  class  of 
potential  synthetic  medicinals,  but  w'  ich  appear  to  be 
inactive  toward  malaria  (lb). 

In  the  example  illustrated  below  the  first  step  involves 
conversion  of  2-/>-tolylquinolinc-4-carboxyiic  acid  (1)  by  2- 
pyridyllithium  into  2-pyridyl  ketone  II.  This  reaction  re¬ 
presents  the  first  pyridyl  ketone  synthesis  by  addition  of 
a-pyridyllithium  to  a  carboxylic  acid.  The  second  step  in 
the  synthesis  is  controlled  reduction  of  11.  Catalytic  hydro¬ 
genation  specifically  reduces  the  carbonyl  and  pyridyl 
groups  and  gives  a-piperidylquinolinemethanol  III;  where¬ 
as,  sodium  borohydride  reduces  only  the  carbonyl  group 
of  II  and  gives  the  a-(2-pyridyl)quinolineinethanol  IV. 
These  reactions  should  find  wide  application  in  the  alka¬ 
loid  and  synthetic  medicinal  fields. 

Addition  of  2  moles  of  a-pyridyllithium  (3)  at  -60°  to 
acid  I  followed  by  hydrolysis  gave  pyridyl  ketone  II;  60%; 


m.p.  142-143°  (A, 5).  The  structure  is  supported  by; 
v  max  (KBr),  1670  cm-1  (C=0);  X  max  (EtOH),  268,  344 
mju  (2-arylqiiinoline  type);  nnir  (deuteriochlorolorin),  111 
signal  at  1.3  t  characteristic  of  pyridine  a-hydrogens. 

Hydrogenation  with  platinum  oxide  of  ketone  11  at  45 
psi  in  ethanol  containing  2  moles  of  hydrochloric  acid, 
rrduced  the  carbonyl  and  pyridyl  groups,  but  not  the 
quinoline  nucleus.  Only  one  ol  the  two  possible  diastereo- 
i.somerica-(2-piperidyl)(|uitioliiieme;hanols  111  was  isolated; 
56%;  m.p.  214-216°  (4);  X  max  (EtOH),  267,  330,  339 
mpt,  v  max  (KBr),  cn.  3300  cm"1 ;  2550-2750  cm'1 ;  nnir 
(dcutcriochloroform),  no  signal  at  1.3  r,  111  douLIet  at  4.6  r 
assignable  to  carbino)  o  f),  broad  311  and  611  multiplets  at 
6.5  and  8.4  r,  assigned  to  a-piperidyl  and  to  (3-  and 
7-piperidyl  protons,  respectively.  The  structure  Ill  was 
verified  by  infrared  identity  and  mmp  with  a  sample 
synthesized  from  1  by  the  old  route  (2). 

Reduction  of  only  the  carbonyl  group  of  the  2-pyridyl 
ketone  II  by  sodium  borohydride  afforded  a-(2-pvridyl)- 
quinolinemelliuiiol  IV;  90%:  m.p.  176-177.5°  (4);  v  max 
(KBr),  3200  cm"1;  X  max  (EtOH).  208, 329, 339  m/a;  nnir 
(deuteriochloroform),  1.4  t,  4.5  r  (111  signals). 
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New  couveniem  syntheses  of  a-tg-pvriilvl)-  anil  a-('J-[iipeitilylV-,-aryl-l*Miiiuiiliiiemetli:inols  are  reported. 
The  key  steps  involve  addition  of  pyridyllithium  to  <piinoIine-4-earlH>xylie  acids  and  Mibseqoent  one-step  selective 
catalytic  S  If  hydrogenation  of  the  ketopyridyl  system  to  the  or-piperidylmet Hanoi.  All  of  the  o-piperidyl- 
methanols  were  highly  active  against  /' lasmodium  berghei  in  mice  but  were  photo  toxic,  whereas  the  a-pyndyl 
analogs  were  considerably  less  phototoxic  but  were  inactive. 


This  work  is  an  extension  of  investigations  carried  out 
during  the  World  War  II  antimalarial  effort.-  Earlier 
results  had  shown  that  4-quinolylamino  alcohols, 
particularly  with  a  2-aryl  substituent  as  a  deterrent  to 
metabolic  inactivation,1  possessed  considerable  anti- 
plasmodial  activity  against  avian  infections.1,4,5 

a-Pyridyl-  and  a-Piperidylquinolinemethanols. — 111  a 
recent  preliminary  communication1*  we  have  reported 
new  syntheses  for  the  title  compounds.  We  now  de¬ 
scribe  the  details  of  the  methods  in  full  and  report  the 
antiplasmodial  properties  of  these  compounds. 

The  previous  method  for  preparing  a-pipcridvl- 
quinolinemethanols  was  a  tedious  and  cumbersome 
six-step  synthesis  starting  from  quinoline— I -carboxylic 
acids.4  The  new  synthesis  which  wc  have  developed 
is  a  convenient  two-step  process  which  also  starts  from 
quinoiinc-4-curboxylic  acid  (sec  Scheme  I).  The 
initial  step  involves  conversion  of  the  quinoHne-I- 
carboxylic  acid  (I)  by  2-pyridyllithium  into  the  2- 
pyridyl  ketone  II  (Table  I).  The  second  step  is  the 
selective  reduction  of  the  2-pyridyl  and  carbonyl 
groups  of  II  by  hydrogenation  in  acid  solution  over 
I’tO;  which  produces  the  rt-piperidylqiiinoliuemctha- 
nols  (III)  (Table  111).  Recent  reports  of  similar  cata¬ 
lytic  reductions  include  the  selective  reduction  of  the 
pyridine  nucleus  in  2-(2-pyridyl)-l,2-diuryla]kanols° 
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J.  W.  Edward*.  Ann  Arl»«»r.  Mich.,  I  DIO. 

«'»)  J.  II.  Rurck halter.  \V.  I).  Dixon,  M.  I..  Black.  R.  I).  Westland,  L.  M. 
Werhel,  H.  A.  De\N  aid,  J.  U.  Dice,  G.  Roduey.  and  II.  II.  Kautnp,  J.  .1/tii. 
Chtm  .  10.  565  (1967). 
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Scheme  I 


IV  III 


and  mine  lion  of  the  pyridine  port  ion  of  a  quinoline  ring 
system.1 

In  the  conversion  II  — ►  III.  tiie  selectivity  of  reduc¬ 
tion  presumably  arises  from  selective  protonation  of  the 
o-pyridvl  ring  which  enhances  the  susceptibility  of  that 
ring  toward  reduction.  The  presumption  of  preferential 
protonation  of  the  a-pyndyl  ring  is  based  upon  sterie 
considerations.  Indeed,  the  hydrobromidcs  of  many 
2,8-disubstitulcd  quinolines  cannot  be  obtained,  pre¬ 
sumably  because  of  this  effect,5  which  demonstrates 
the  sensitivity  of  protonation  to  sterie  effects  by  sub¬ 
stituents  adjacent  to  the  ring  nitrogen.  The  reduction 
of  II  probably  proceeds  stepwise,  lirst.  by  reducUm  ot 
the  carbonyl  group  which  is  in  conjugation  with  the 
iniino  groups  of  the  pvridyl  and  quinolyl  rings,  followed 
by  preferential  reduction  of  the  pvridyl  ring.  Ill  sup- 


(7)  J.  G.  Cannon,  «S.  A.  Faurn.  and  T.  A.  Wunderlich.  J.  Heumcycl. 
Chtm..  4,  250  (1907). 
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No. 

It 

it' 

it" 

M|i.  “C 

Yield.  Vi 

Formula 

Aaalyvat 

1 

Oil, 

CII, 

11 

143-145 

70 

C:,H„\:0 

c,  11 

■  » 

CH, 

CII, 

CH, 

144-145 

81 

Cj.HaiNjO 

C,  II 

3 

C1I, 

CII, 

OCH, 

1 10-147 

08 

C;,H„N.o. 

c,  H 

4‘ 

CH, 

CII, 

Cl 

175-170 

05 

CmIIuCIXjO 

C,  II 

5 

CH, 

CII, 

F 

140.5-142 

02 

C„H„FN';<> 

C,  H 

6 

If 

CF, 

II 

145-146.5 

72 

C22H„F,X20 

C,»  H 

7 

II 

CF, 

Cll, 

102.5-103.5 

74 

C»,Hj,l‘  1N2O 

C,  11 

S 

H 

CF, 

OCH, 

102-163 

00 

C,,Hi,I‘  ,N«0. 

C,  H 

9 

11 

CF, 

Cl 

192-193 

85 

C-,Hi:CIF,N;0 

C,  H 

10 

If 

CF, 

F 

200-207 

00 

0!2IIi;F,X20 

C,  11 

11 

CH, 

II 

11 

140.5-142 

45 

C-Il„N'sO 

C,  II 

12 

CH, 

11 

CII, 

142-143 

00 

Cs,U„XsO 

C,  II,  X 

13 

CII, 

H 

OCH, 

147-148 

47 

c,,h„nt2o, 

C,  H 

14 

CII, 

11 

Cl 

192.5-193 

50 

CmHuCINV) 

C,  I! 

15 

CH, 

H 

F 

155-156  5 

4!) 

CkII„FN,0 

C,  11,  N 

10 

OCH, 

II 

Cll, 

100-167 

45 

C„H,»NjO, 

C,  II 

17 

II 

Oil, 

11 

130. 5-132.5 

84 

C„H„N,0 

C,  II 

IS 

II 

CII, 

Cll, 

142.5-144 

59 

C„H„NjO 

c,  11 

10 

II 

CII, 

OCH, 

143-145 

00 

C.,H„X:(), 

C,  II 

20 

If 

CII, 

Cl 

144-146 

70 

CsIIuClXiO 

C,  II 

21  d 

ir 

CII, 

F 

141 .5-142.5 

75 

CmH„FX,0 

22 

F 

II 

cir, 

172-174 

49 

c«ii„fx2o 

C,  H 

•  Unless  otherwise  noted  solvent  of  rcerystallizatiim  was  EtOH.  6  Keerystiillization  solvent  MeCX.  ‘  C:  ealed,  00.84;  found,  09.40- 
4  This  compound  was  used  directly  without  analysis. 
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Yield. 

llwryslu 

No. 

H 

I*' 

tt" 

Me.  “U 

% 

solvent 

Formula 

Armlysns 

23 

Cll, 

Cll, 

It 

103-101.5 

8(1 

MeCX-CHCI, 

e2,ir.,x.o 

C.  It,  X 

24 

CII, 

CH, 

Cll, 

193-191 

70 

EtOH 

C;,I1«;X20 

C,  11,  X 

25 

CII, 

CH, 

OCH, 

185- 1ST 

90 

EtOH 

C2,ll..2X.O. 

C,  H,  X 

26 

CII, 

Cll, 

Cl 

167-169 

87 

Eton 

c2,ii,,cin2o 

C,  11,  X 

27 

CII, 

CH, 

F 

173  175 

87 

Eton 

c2,ii,,fx2o 

C,  H,  X 

2S 

If 

CF, 

II 

193-194.5 

93 

.MeCX 

c22ii„f,n2o 

C,  H,  X 

29 

H 

CF, 

Cll, 

178-179.5 

85 

Eton 

Ct,H„F1X,0 

C,  II,  N 

30 

II 

CF, 

OCH, 

210-212 

80 

Ett  >Ac 

c„h„k,n,o, 

C,  H,  X 

31 

H 

CF, 

Cl 

214-216  dec 

74 

EtOH 

C-,Hi,C1F,X20 

C,  H,  X 

32 

It 

CF, 

F 

l 78-181 

95 

Eton 

c«h„k,x,o 

C,  11,  X 

33 

(III, 

II 

II 

180-180  5 

80 

EtOH 

C„H„X,0 

C,  11,  X 

34 

CII, 

11 

CII, 

170-177.5 

92 

EtOH 

c„h2,x2o 

C,  11,  X 

35 

CH, 

II 

OCH, 

191-192 

95 

EtOH 

c2,h,x,o. 

C.  11,  X 

30 

Cll, 

11 

Cl 

181-186 

85 

Eton 

c~h„cix2o 

C.  H,  X 

37 

Cll, 

II 

F 

170-178 

70 

EtOH 

c22ii„fx2o 

C,  11.  X 

38 

OCH, 

If 

CII, 

178-180 

so 

EtOH 

CnlleX.O. 

C,  H,  X 

39 

H 

CII, 

H 

145  117 

so 

MeCX -Cll  Cl, 

C-H„X,0 

C,  11,  X 

40 

II 

CII, 

CH, 

174-175 

92 

EtOH 

c2,n»x;o 

c,  11 

41 

II 

CII, 

OCH, 

154  150 

90 

.MeCX 

(AJUNdl. 

c,  H 

42 

II 

CH, 

Cl 

171-175  5 

S3 

MeCX 

Cclll:(  IX, O 

c.  11 

U 

^intors  at  12S-130*. 

CH, 

F 

139-141- 

95 

EtOH 

C„H,jFX,0 

c.  11 

-9- 


-9- 
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Antimalarial  art.4 


Me. 

Yield, 

Done. 

No. 

n 

n' 

it" 

“C 

‘  0 

l'ornmla 

Analyse* 

mg  'kg 

Cures 

44 

cir. 

CIb 

CIb 

220-221 

4(5 

C;,tb,\,<) 

c,  If.  N 

100 

1 

45 

CII, 

CIb 

OCIb 

200-201 

43 

tb.lbsN-Ab 

C.  H,  X 

40 

0' 

SO 

2s 

40 

CIb 

CIb 

Cl 

212-214 

19 

C-dbiClNbO 

C,  II,  X 

20 

I 

40 

3 

47 

CM, 

CII, 

F 

175-177' 

29 

CelbJ’NbO 

C,  II.  X 

40 

O' 

SO 

•> 

4S 

II 

CKj 

II 

197- 19S 

40 

Cb5l.iF.iN  4) 

t.',  II,  X 

20 

•> 

4t) 

II 

CIb 

CIb 

195-197 

75 

C  '>  1 1  1111  j\,0 

C,  11.  X 

20 

0« 

40 

a 

50 

II 

CIb 

OCIb 

1S2-1S4 

53 

CallaFiNbt), 

C,  II,  X 

20 

l 

■to 

3 

51 

11 

CFi 

Cl 

1S1-1S2 

3S 

CboHmCIFjNbO 

C,  II,  X 

20 

5 

52 

CIb 

II 

It 

179-  (SI* 

3S 

(  —  1  I„N  jO 

C.  It,  N 

040' 

I 

53 

CH, 

ir 

CIb 

214-210' 

50 

C;,!b,N..O 

c,  II,  X 

040 

0* 

54 

CII 

n 

OCIb 

200-207 

5S 

c„u«n.-o2 

C,  II,  X 

100 

0' 

320 

2 

55 

CIb 

ii 

Cl 

217-219 

12 

C-lbiCIN.O 

II,  N;  C" 

50 

II 

CIb 

II 

1SS-1S9" 

31 

Cjbb.NbO 

C,  II,  X 

SO 

1 

100 

3 

57 

II 

CIb 

CIb 

175-175  5 

32 

CbjFfaNbOs 

C,  If,  X 

so 

1" 

320 

4 

5S 

II 

CIb 

Cl 

109-1 71 

23 

C-IF-.CINbO 

C,  II 

20 

o 

59 

II 

CIb 

E 

1S2.5-IS4 

20 

CalbjFNbO 

c,  11 

40 

o 

*  Uer.rystallistation  solvent  MoCN.  *  Aiitiinalarial  test  results  were  supplied  throiiRh  the  eonrtesv  of  Dr.Oavid  I’.  Jacobus  of  the  Waller 
Reed  Army  Instilute  of  Ueseareh.  Tests  were  carried  out  in  groups  of  five  mice  infected  with  Plasmodium  t>rr<ihri .  The  tlrugs  were 
injected  in  doses  of  20,  40,  SO,  100,  320,  and  till)  mg/kg.  Unless  shown  all  the  animals  were  cured  at  higher  rinses  up  to  the  maximum 
of  040  mg/kg.  Enhancement  in  survival  time  of  treated  animals  is  regarded  as  evidence  of  antimalarial  activity.  A  compound  is 
considered  to  lie  active  if  the  mean  survival  time  of  the  treated  group  is  more  than  double  the  mean  survival  time  of  the  control  group 
(7.0  ±  0.3  days);  it  is  said  to  he  curative  when  the  animal  survives  up  to  00  days.  '  Active:  increased  survival  time  7  days.  4  Two 
cures  at  Hit)  mg/kg.  'Softens  140°.  ■  Increased  survival  time  0.0  days.  'Increased  survival  time  7.S  days.  *  I  .it  .*  1.N2.5 -IS2.0®. 

1  Inactive  below  this  dosage.  '  Softens  150°.  *  Increased  survival  time  0.0  days.  1  Increased  survival  time  0.2  days.  "  C:  rated, 

72.02;  found,  71.47.  "  bit.4  1S7.X-INS.3°.  °  One  cure  at  100  mg/kg. 


port  of  the  suggested  stops  tiro  the  following:  (a)  in  a 
few  cases  the  hydrogenation  was  interrupted  before 
completion  ami  the  first-stage  reduction  product,  kite 
a-pyridyl  alcohol,  was  isolated;  and  (It)  reduction  of 
the  --pyridyl  ring  of  the  alcohol  21b  proceeded  smoothly 
under  the  conditions  which  reduce  the  ketones  II  to 

in. 

That  the  nucleus  of  the  quinoline  ring  in  the  ketones 

II  was  unaffected  by  the  catalytic  reductions  was  dem¬ 
onstrated  by  spectral  met  lit  sis.  I  'v  absorption  char¬ 
acteristics  of  2-arylquinoIincs  were  obtained  for  the 
reduction  products  III.  The  nmr  spectra  obtained  from 

III  were  as  expected  for  the  type.  In  our  previous 
report1*  the  spectral  data  and  their  interpretations  for 
a  typical  example  of  1 1 1  were  presented. 

The  ultimate  validation  of  the  new  synthetic  scheme 
as  an  unambiguous  route  to  compounds  of  type  III  rests 
in  the  identity  of  samples  of  53  obtained  by  both  the 
new  method  and  by  the  older  method. 4  Further  sup¬ 
port  comes  from  the  compounds  52  and  56  which  were 
prepared  by  the  new  scheme  and  have  physical  prop¬ 
erties  which  are  in  accord  with  those  reported  in  the 

IV  \ r  it  •  ti *•  r -  »•••  :'"r  (.>:•*  »«i f»*f-  ’»-*■- 1  .  »  •  .  i»;l.r 


literature  for  these  compounds  synthesized  by  the 
older  route.9' 

Two  apparent  exceptions  have  been  observed;  com¬ 
pound  15  seemingly  undergoes  reduction  beyond  I  lie 
desired  stage  III1'1  and  19  gave  intractable  resins. 
Tims,  it  is  necessary  to  confirm  the  structure  of  each 
new  compound  obtained  by  this  new  method. 

Reductions  of  the  pyridyl  ketones  II  by  sodium 
boroltydride  produces  in  good  yields  the  w-L’-pyridyl- 
quiiiolinemcthanols  IV  (Table  III.  The  structure  of 
the  resulting  compounds  is  based  upon  the  method  of 
synthesis  and  their  spectral  properties  which  arc  dis¬ 
tinctive  and  corroborative  (rj.  ref  la). 

Biological  Activity.  The  compounds  of  types  III 
and  IV  were  tested  for  antimalarial  activity  against 
PlaxminUiuii  hcn/liri  in  mice  by  tin'  method  of  11a. ie  11 
All  of  the  <v-py  tidy  Iqiiiimlincmct  ham  ds  of  type  IV 
(Table  II)  were  inactive  in  this  tc-l.  but  they  showed 
phototoxicity.  However,  all  of  the  <i-pipeiidylqimto- 

(U  i  M.  li.  Mtirtufian  nml  1>.  ft.  lion  loft,  ./  .{m.  ,  (A.  :V)S 

(10'  Tliia  rt^um4*  furl  I  iot  iu\  rutimii  U«n 

Mil  T.  S  O-'lftii*  IV  I'  mil  l.  iJatti*.  ./,  Mt-i.  I'lrtn. .  10,  (  , 

I  l ‘Ml,'  • 
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No. 

ll 

n- 

R” 

Mp. 

•c 

Yield, 

Formula 

Annly.iw 

60 

C1L 

ff 

CM, 

240  244  dt  p 

00  p 

C.,H,.  NO, 

c, 

M 

01 

C1I3 

11 

IH‘11, 

237- 23S6 

i  i  ■ ) 

CkMuNOj 

c, 

M 

62 

Cllj 

H 

Cl 

272-274' 

So  l 

C,tII,,.C1NO; 

c, 

M 

63 

GIL 

H 

K 

225-228 

112.4 

Ci:Hi;FN<>. 

c, 

m 

64* 

Cllj 

C1L 

CM, 

244-246 

75.2 

C,.II,:NO; 

c, 

M 

05 

OIL 

CM, 

OCMj 

250  252/ 

70  2 

(  i.1 1  i:NO, 

c, 

M 

tiO 

cir, 

('ll, 

I'¬ 

246  251 

70  7 

Ci.IInFNO, 

c, 

11 

67 

it 

OK, 

ll 

260-265  dec 

ss  ;; 

C,;M,,F,NO. 

c. 

11 

6S 

ii 

<T. 

CM, 

20S-271  dec 

s:{ . 

Ci.U„F,XO, 

c, 

11 

0!> 

u 

OK, 

OCII, 

23S  241  da 

Mi  1 

CnMijFjXO, 

c, 

II 

70 

h 

OK, 

Cl 

265  -275 

04.4 

C,:!l..ClK..NO. 

c, 

11 

71 

H 

CF» 

F 

257-260 

SO..’) 

ClMjI'.N'O; 

c, 

11 

— *> 

OCIIi 

H 

CM, 

242-245 

75  0 

(  i.lluNO, 

c, 

11 

73 

OClIj 

II 

OCII, 

242-245 

SO  0 

(  i.lIitXO. 

c, 

II 

74 

OCH, 

M 

K 

223-230 

50  4 

C,:IIi:FNOj 

c, 

11 

75 

K 

II 

CM, 

274-275 

02.5 

C„H„FNO, 

c, 

M 

76 

V 

II 

Cl 

253-256 

GO  .0 

Ci.lLClKN  ), 

c. 

M 

77 

H 

CM, 

CM, 

245-240 

7S.1 

C„U„NO, 

c, 

M 

7S 

U 

CM, 

F 

201-200 

S3. 2 

CoMijKXO- 

c, 

a 

Rocr\ 

stallizifd  from 

KiOlI.  6  T 

.  Kaku  (7.  I’luirm.  Sor.  ./n/.nu,  345, 

577  (1027)]  reported 

230-231°.  'N.  1>. 

Buu-Moi 

K.  Royer, 

D.  Xuimg,  and  1*.  Jnaniigmm  (./.  Dry.  Chan.,  18, 

1200  ( 1053)| .  J  11: 

call’d,  4.30;  found,  4.05.  *  A.  M.  Crosby 

■,  M.S.  '1 

•■-is,  l*ni- 

versity  of  Virginia,  1050,  p  11.  1  Lit.6  230°. 


linemvthiuiols  of  typo  III  woro  highly  active  but  all  oon~ 
sistontly  caused  serious  photoscnsitizatioii  in  mice. 
The  antiirutlarial  tost,  data  for  these  compounds  are 
shown  in  Tattle  III.  Of  those  «-piporidylquinoline- 
mcthonols  only  two  have  hoen  tested  previously.4 
The  ''quinine  equivalents"  of  52  ranged  from  ()..'{  against 
P.  (jallimu-cum  in  chicks  to  10.0  against  P.  calhcmcriuin 
in  ducks,  and  that  of  5G  from  0.(1  against  /’.  (lallinnccum 
in  chicks  to  S. 0  against.  /'.  lophurnr  in  ducks. 

Experimental  Section 

Melting  pninN  wtic  obtained  on  :i  Thomas- Ihmver  nr  a 
Fiseher-.lnlms  melting  point  apparatus  ami  an*  uncorreeted. 
Klemeutal  analyses  writ*  pci  formed  by  ( ialhraith  Laboratories, 
Inc.,  ami  .Micro-'lVch  Lahoninrirs,  Inc.  Sat Marini y  uv  ami  ir 
spectra  were  recorded  f« »r  each  compound  listed  in  tin*  table*. 
Nntr  spectra  \vm*  obtained  Inr  all  emupounds  of  tyjw*  IV  \\ liidi 
wen1  soluble  in  (’IK 'I,  nr  1  i.MSiW*;  random  nmr  delerminai inns 
were  made  on  all  I  lie  other  types.  Where  analyses  are  imlieated 
only  hv  symbols  of  the  elements,  analytical  results  obtained  for 
those  elements  were  within  .i: 0.  4*  f  of  the  theoretical  values. 

2-Pyrhlvl  Ketones  (II).  2-Pyridyl  2-(p-ToIyl)-6-methyI-4- 
quinolvl  Ketone  (See  Table  I).  -  The  pvridy  Hit  Ilium  (from  ISO  g 
of  2-bmmopyridine  in  100  ml  of  Km))  w:ts  prepared  essentially  by 
the  published  method. ■**  To  the  stirred  solution  of  2-pyridyl- 
litluum  under  X«  ami  at  —00°  was  added  rapidly  (1  2  min) 
finely  ground  lwiieth\  l-2-i  /»-< •  *1  \  1  iipumtlim*-4-caibo\ylic  acid 
( 10.0  g)  rnt  a  powder  funnel.  The  addition  of  acid  was  followed 
after  5  min  of  Mining  by  tin*  addition  of  lot)  ml  of  anhydrous 
KM).  The  reaction  mixture  was  allowed  to  stir  lor  2  hr  at  —00° 
under  X?,  after  which  time  the  Dry  Ice  bath  was  removed  -md  the 
solution  \ui  all«*\\ed  to  warm  to  0  5°.  At  this  temperature  the 
reaction  mixture  was  hydroly/rd  cautiously  by  raiding  100  ml 

(li)  J.  P.  N\  limit.  A.  I'.  I >•'  II.  (J.  P.  \’n ii  l)t>r  and  I*l». 

It.  L.  Ottu.  fife.  Tr, ir  ffci »«..  TO,  lul  l  ilfi.W). 

(I  ll  it  is  imiHirlttnt  jtnt*  and  ■«ilv«*nli  »r«»  dry.  The  |*\rid\l- 

Ij'liium  m.I»i*!..ii  *»  .  •.  •  * i-fi  '  :iml  and  iiiaiiU ,uiu-.|  at  a  hMueerao.rr  ,»t 
*:t*t  »  .•  »  \  •  <  *  ' 


of  moist  i:t.O  to  the  stirred  solution,  followed  bv  100  ml  of  H*0. 
Tht*  resulting  heterogenous  mixture  was  stirred  for  '2  2  min  ami 
the  layers  were  separated.  The  KtjU  solution  (normally  dark 
red)  was  evaporated  under  reduced  pressure  ami  the  resulting 
residue  was  taken  up  in  hot  KtOIl  and  allowed  to  crystallize. 

Piperidyhpiinolinemethanols  (UI ).  «-( 2-Piperidyl)*2-(  />- 

tolyl)-6-im‘thy|-4“guinolinemelhanol  (See  Table  JIi).-2-Py- 
rulyl  2-(p-tolyl)-i>-methyl- Uipiiuolvl  ketone  (2  g)  was  dissolved 
in  co.  200  ml  of  hot  absolute  KtOIl  to  which  was  added  '2  ml  of 
concentrated  HC’l  (37-3Sr('»  sp  gr  1.10).  The  KtOIl  solution 
was  cooled  and  hydrogenated  over  0.2  g  of  Ptth  ( Keglehard)  at 
.'bio  kg,  cm2.  Absorption  of  H  »  stopped  essentially  in  ca.  1  hr. 
The  catalyst  was  removed  by  filtering  over  C 'elite  and  the  KtOIl 
solution  was  eon  rent  rated  to  ca.  50  ml  by  evaporation  under 
reduced  pressure  and  was  poured  into  a  Mined  XalK’Oj  solution. 
The  resulting  aipieous  sti'pcii'inii  ol  the  tree  ba^e  was  extracted 
with  Kt.-O  (co.  ;;iM)  ml).  The  Kt  ;0  was  evapiuatcd  and  the  resi¬ 
due  taken  up  in  Met  *N  i  25  -4d  ml  1. 

Frequent Jy  tin*  crude  prodtn  t  nils  out  and  or  i<  quite  impure, 
hence  sevnal  isix  ten)  ro«  rxstalli.ation-  arc  reipured  to  obtain 
analytical  •‘ampler.  In  a  few  runs  a  small  a  mount  of  Mct'N- 
in*oluhlet  high-niching  fibrous  material  was  obtained,  which 
was  removed  by  filtration. 

Pyrid) h|uinolinetm*thanols  (IV).  «-(2-PyridyP-2-(  p-tolyP-G- 

methyM-quinolinemethnnol  (See  Table  ID.  -To  a  stirred  slimy 
of  2.0  g  of  the  pyridyl  ketone  18  in  50  ml  of  KtOIl  was  added 
0.2  g  of  Xalllb.  The  mixture  w.’is  .stirred  at  room  femperat lire 
for  1  hr  atid  poured  into  400  ml  of  II.-O,  and  the  solid  was  filtered. 
Kecryst alligation  wits  from  KtOIl. 

Kth>  1  r»-Methyl-2-<  p-tnlyDcinchoninaU*.  - -ti-Methy l-2-i  n- 
tolyf )— l-eiurhoruuie  acid  (O.IW  nit>le,  21.  IS  g )  was  suspciMlnd  in 
4,*>0  ml  of  alisolutc  I-.ttdl  and  JO  ml  «*t  concent  rated 
w:ls  added.  The  mixture  was  rethixed  for  21  hr.  cooled,  and  then 
|MUired  onto  iir  water  and  eMractiil  with  Kt;D.  Tin*  Kt_(> 
extract  was  w:»sli«*<!  iaipa*oi|s  X;i:l'(),,  f!;()j  and  after  drying 
(MgSOi)  the  Kt  t )  was  remove*!  under  reduced  pre-siire.  The 
viehl  of  product  was  JO  gr  nip  74  7t* Anal.  t('„HmNo,) 

C\llfX. 

«r-(  2-Pip<*ridyl)-2-(  p-foly! /-G-methvM-quimdimmielhanol.*.  “  -- 

■II'  r  l:  It.:.  !  I!  S.t:  - 

./  .1  -.  Ck.  •.  '  .09 
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To  a  dilution  of  the  foregoing  ester  (0.0G  mole,  IS. 32  g)  ami  ethyl 
G-benzatnitiooApriKite4*  (0.901  mole,  lG.ofi  g)  m  fill  ml  of  dry 
C«H*,  NaNHs  (0.073  mole,  *2.93  g)  was  added.  The  mixture  was 
healed  at  90°  with  vigorous  Mining  for  J t  lit.  After  rouling  the 
mixture  to  50®,  32  m!  of  ronmiir.-ifed  I !.■><  in  30  nd  of  11*0 

was  added  and  refluxing  was  eon  turned  for  G3  hr.  The  0«IIa 
was  then  dist tiled  off  azeotrope-all v  and  the  residue  was  made 
alkaline  with  ,'#0‘‘(*  aqueous  Nat  01  keeping  th«*  temperature 
below  40°.  The  mixture  was  then  extraeted  with  C V.l I6.  After 
drying  (Mg£*0«)  the  solvent  was  removed  under  reduced  pressure. 
The  ir  spectrum  of  the  solid  residue  indicated  that  the  N-benzoyl 
group  Wits  not  rleaved.  The  material  was  therefore  suspended 
again  in  a  solution  of  .30  ml  of  eoneenlrated  1  l.SO*  in  30  ml  of 
U?0  and  the  mixture  was  refluxed  for  01  hr.  After  cooling  it  was 
made  alkaline  as  before  and  extracted  with  CeH6.  The  dried 
solution  upon  concentration  m  vacuo  left  an  oil  to  which  23  g 
of  48%  HUr  was  added.  Upon  standing  for  a  short,  while  ft  yellow 
precipitate  was  obtained  and  flllered:  the  yield  of  G-[G~methyl-2- 
(p-toly!)cit»choninyl]-n-ainylainine  dihydrobromide  was  3.3  g 
(34%  based  on  recovered  acid).15 

The  aqueous  alkaline  phase  was  acidified  with  concentrated 
HOI  ami  t he  resulting  precipitate  was  filtered,  washed  with  a 
little  KtOH,  and  dried.  The  weight  of  recovered  6-methyl-*2- 
(p-tolvl)-Ucineluminic  acid  from  the  wn  reacted  ethyl  ester  was 

7.8  g.  .... 

The  foregoing  amine  dihydiobromide  (0.008  mole,  4  g)  was 
dissolved  in  hot  18%  HBr  and  treated  rapidly  with  a  solution  of 
Dr*  (0.008  mole,  1.28  g)  in  an  equal  volume  of  48%  11  Br.  The 
crude  product  was  filtered  and  dispersed  in  40  ml  of  boiling  93% 
EtOIf,  and  H50  was  added  until  a  clear  solution  resulted.  Cool- 

(15)  Tiiis  intermediate  ami  the  ones  which  follow  en  route  to  50  were 
used  directly  in  the  next  synthetic  s»iej>  without  characterization;  cf.  ref 
9  and  14. 


ing  gave  ft  light  yellow  precipitate.  Concentration  of  the  mother 
liquor  >  leaded  some  additional  product.  Ihe  total  yield  ol 
G-i>romo-G.{G-methyl-2-(/)-tolyl)i*inchoniiiylI-ri-amylamirie  dihy* 
drobroiu»le  was  3.93  gt  S|‘  ). 

The  foregoing  product  (1.3  g)  was  di.-.-olved  in  39  ml  of  9of  u 
KtOH  and  7  ml  of  14%  aqueous  Na.COj  was  added.  The  mix¬ 
ture  was  shaken  for  1  hr  in  a  stoppered  bo; lie  and  then  hydro¬ 
genated  over  J9  mg  of  IV).  in  a  Parr  hydrogenation  apparatus. 
The  reaction  mixture  was  filtered  and  washed  (f-.toH,  hot 
ClIGlj).  The  solvents  were  removed  in  vacuo.  The  residue 
was  dissolved  in  hot  OMCJi  and  filtered.  Evaporation  of  the 
solvent  left,  ft  brown  residue.  This  was  dissolved  in  absolute 
KtOH  and  the  solution  was  saturated  with  dry  HC1.  After 
standing  for  a  short  while,  1X0  was  added  and  the  precipitate 
was  filtered  to  yield  9.3  g  of  the  hydrocliloride.  A  small  amount 
of  this  salt  was  converted  into  the  free  base  53. 

The  ir  spectra  of  the  free  base  53  and  its  hydrochloride  salt 
were  identical  with  those  of  the  products  obtained  by  catalytic 
reductions  of  tin*  pyridyl  ketone. 

27AryJ-4-quinolineearboxylic  Acids  (Cinchoninic  Acids)  (I) 
(Table  IV). —  All  of  the  substituted  ciuchnphens  required  as 
starting  material  were  synthesized  by  the  Pfitzinger14  condensa¬ 
tion.  In  general,  it  was  found  that  better  yields  were  obtained 
when  the  mixtures  of  the  appropriate  is  at  ins  and  substituted 
acetophenones  in  ICtOH-KOll  were  refluxed  for  30  hr;  shorter 
periods  of  time  gave  poorer  yields. 

Acknowledgment. — The  authors  wish  to  thank 
Professor  A.  Burger  for  fruitful  discussion  before  and 
during  the  course  of  this  work. 
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V.  Part  1  (continued) 

Jtmrmii  of  M  nht'i  out  t  ht  ^  ?•** 

Antimulurials.  (».  Some  Now  u-Alk>la.niMo..icll..vl-Ui..inoHni-.m  lham»ls‘ 
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N'iiip  new  4-<iuiiiotiiie  amino  alcohols  were  synllu-uzed  for  antmialarial  test..  Si"-co.-sf ul  approaches  for 
introducing  tlie  a-pvridyl  group  were  addition  of  the  J-quinnlvlhl Ilium  to  .’-pyndyl  nitrile  and  to  _-p\tt  a  e- 
hvde  Selective  hydrogenation  of  S-trifluoromethv M-qninoly  i  .'  pyridyl  ketoin-  gave  low  yields  of  the 

a-pvridvhne, Hanoi  and  large  yields  of  the  tetrahydioquinolnie.  7- 1  „  . ,f.v  o,  --  -  « 

■a-pyridvllitl.ii.nl  giving  low  yields  of  l.oth  the  ketone  and  the  n.-’-uqiyrnK  1  sctone,  tin  .  -  ptridvl 

ketone  in  good  yield  hut  subsequent  selective  hydrogenation  «:i>  uasuccesq.it- 


A  large  number  of  2-aryW-quinoline  amino  alcohols 
of  types  1  and  2  fU"  =  aryl)4-  have  proved  to  be 
active  or  curative  against  Plnsmoiliuni  tiaiilici  in  mice,* 
but  they  were  highly  phototoxie.  due  possibly,  it  has 
been  postulated,7  to  enhancement  ol  nuclettr  conjuga¬ 
tion  by  the  eoplanar  2-aryl  gttnt]).  Substitution  ot 
CFj  for  the  2-aryl  group  produced  only  moderately 
active  antimalarials  and  these  were  moderately  photo- 
toxic.*  This  paper  deals  with  syntheses  and  testing  of 
9  new  analogs  and  investigation  of  some  potentially 
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R' 
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p-tolyl 

b  (j-F 

CF, 

c  Et 

7-0 

H 

c  9-H 

CF, 

d  Bu 

7-CFj 

H 
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H 

a-Dialkylaminomethyl-4-quinolinemethanoIs  (1 ). — 

The  recent  and  useful  modification  of  the  classical  syn¬ 
thetic  procedures4  involves  the  facile  tint!  high  yield 
reaction  of  a  dialkylamine  with  the  ethylene  oxide  7 
which  is  made  either  from  the  appropriate  aldehyde,  if 
available,9  or  from  the  bronio  ketone  o  by  XaBII,  re¬ 
duction  and  added  base.:'<'-"’  An  alternative  route  to 
the  bromo  ketone  5.  avoiding  the  use  of  CM..X;,4  was 
through  the  Me  ketone  6  which  was  prepared  by  addi¬ 
tion  of  McLi  to  the  acid  3.  Brominatiou  of  6  with 
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8J8  of  the  Army  Program  on  Malaria,  K.  K  Lutz,  Responsible  Investigator. 

(2)  Postdoctoral  Research  Aasoeialea. 
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Va.  1950. 
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,9)  VV.  C.  Duncan.  \V.  T.  Colwell,  C.  It.  .Scott,  and  D.  \V.  Henry.  ibid.. 
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•  i  j  i:  I.  I  Y  .»:d  N .  L  1 1  'it..  75. 


XuItiO,  in  llBr"  gave  5  in  high  yield,  r.;/..  2-/>-tol\T- 
li.S-dimetlivl-l-aeetylqtiiunline  (6a.  72f,o  from  3)  gave 
5a  inSS'  v-  yield  dici' ,  from  3  w  hich  is  ;t  better  yield  than 
i  in  .J2), 3  The  bromiuat  ion  ot  6a  direct  ly  in  Act)  1 1  or  bv 
ammonium  porbromide  involved  formation  of  con¬ 
siderable  amounts  of  the  dibrumomcthyl  ketone  as  by- 
])rodttct. 

QC00H  —  QC0C1  ~7--n—  QCOCH_.Br 


Q  *  substituted  A-qui^tlyi  1  - -  7 

Attempts  toward  ;t  more  direct  introduction  of  the 
amino  alcohol  group  into  the  quinoline  through  reaction 
of  2-trifluoromethyl— l-quinolyllitliium*  with  MeCX  or 
with  diethylaminoacetonitrilo  were  unsuccessful  (not 
surprisingly '-).  Neither  the  Me  nor  thediethylamino- 
methyl  4-quinolyl  ketones  were  isolated.  Evidently 
extensive  ionization  and  dimerizaiion  of  both  nitriles 
had  occurred,  and  in  the  ease  ot  diethylaminoacctoni- 
trile,  there  occurred  considerable  displacement  of  the 
NEt.  group  by  the  4-quinoiyi  anion,  presumably  giving 
8  and  9.  The  structure  of  the  one  dimer  characterized, 
namely  10,  is  based  on  anal,  and  ir  and  nmr  spectra. 

QLi  +  Et  NCH  CN  —  QCOCH  NFa, 

1 

QII  +  Ki.NOICN  +  QCHCN  +  QCH.CONII.. 

8  9 

Kl  NCIH  N  Ft  .NCI  I  ('=(‘<  N 

- *  *  ’I  I 

NM_  NEt, 

rt-t2-PiperidyI)-4-qtiinolincnielhanols  (21.  -  Of  par¬ 
ticular  interest  as  potentially  useful  methods  are  the 
following.  The  addition  of  (i-cliloro-  and  O-ivtothvl-2- 
tiifluommethyl- l-qtiiuoh  Hit  liiunis  at  —70’  to  2- 
cyanopvridine  gave  the  know  n  or-(2-pyrid\  h-4-qitinolyl 
ketones  11."  The  addition  of  2-1’yl.i  to  li.S-dimet liy  1- 
l-e.yano-2-trifluoromel iivli|iiinoline  also  gave  II.  Ad¬ 
ditions  to-2-pyiidaldeliyde  of_  2-t  i  ifhioromel  nyl- 1- 
quinolyllitliitini  or  its  (i-Me  derivative  gave  the  corre¬ 
sponding  know  n  rt-(2-pyridyl)-4-quinoltnen'.elhuno|s 
12  s 

QCN  - ►  (JCOPy  •< - Ol.i - a-QCIIOlll’y 

J2  FyL.i  II  I'vl  'N  l’;,  l  llO  j  «> 

l*y  **  ! 


1-Quinoline  Amino  Alcohols  without  ;i  2  Mibstiluent 
(ic,d,  2d).- Tilin'  examples  ,,f  the.-e  compounds  were 
made  to  test  the  effectiveness  of  (''I  and(T'.,  groups  in 
tin1  7  position  and  of  the  C ’  1  in  the  S  position.  These, 
without  the  2-aryl  group,  were  not  expected  to  he  .se¬ 
riously  phntoioxie. 

Syntheses  started  front  the  corresponding  isutins 
which  were  prepared  following  ptililisiied  procedures. 
I’tit zini'or  condensations  of  these  with  pyruvic  acid  to 
the  <|iiinoline-2.4-dicarhoxylic  acids  l  lu  and  selective 
thermal  decarboxylations  in  I’hNtV  or  I’h-O  gave  the 
cinchoninic  acids  15. 


COOH  C(K3H 


'ilte  8-CFj  acid  15  added  2-1’yLi  giving  the  pyridyi 
ketone  11a  (70%').  Tlris,  using  Pt/II.  under  a  variety 
of  conditions,  gave  at  best-  only  4%  of  the  target  <*-(2- 
pipcridyl)mothanol  2d;  the  principal  other  product  wits' 
the  tetrahydrot|uin<>ly!  analog  16  (40%).  The  un¬ 
usually  poor  yield  of  2d  might  be  attributed  to  decreased 
selectivity  of  protoimtion  of  11a  at  the  pyridyi  N  be¬ 
cause  of  the  absence  of  the  2  substituent  and/or  the 
absence  of  the  deterrent  steric  effects  by  2  substituents 
on  hydrogenation  of  the  quinoline  X  ring. 

An  attempted  preparation  of  2d  by  the  0-stop  Ainly 
and  King  synthesis1*  failed  in  the  last  stages. 

Treatment  of  7-trifluorotnothyleinchoniiiie  acid  (lob) 
with  2-J’yLi  at  —70°  in  20%  TJIl'-Ktj>0  gave  the  de¬ 
sired  2-pyritlyl  ketone  lib  but  itt  only  10%  yield.  Also 
isolated  in  12*/,  yield  was  the diaddition  product,  <*-pv- 
ridyl  2-(2-pyridyl)-7-triflnoromcthyl-l-quiiiolvl  ketone 
17  which  must  have  involved  both  addition  of  2-l’yl.i  at 
position  2  and  oxidative  ammntizafion  of  the  resulting 
diliydroquiimlinc.  'I  ltese  two  compounds  were  eliar- 
acteri/.ed  by  anal,  and  tnnr  spectra. 

Addition  ol  2-l’yl.i  (u  the  7-trithuiromit  hyleiti- 
choninic  ester  in  Kt-O,  unlike  the  addition  to  tlte  acid 
lob  where  1  111  was  required  for  solubilizing  the  sub¬ 
strate.  yielded  the  ketone  lib  in  07%  yield;  and  forma¬ 
tion  of  17  was  not  observed,  luifortunalelv  in  the 
several  attempts  to  reduce  the  pyridyi  ketone  lib  by 
I  t,  llj,  no  pure  piperidvl  alcohol  was  isolated  from  the 
complex  mixture  of  products. 


(Ill)  ml  S  I.  II. .It  mill  r.  W,  Sj'llir.  I'r,,,-.  I;,,,,.  Sit.  US,  «HI  (I'V.SI; 
(1  1».  .'iliirl.  J  i '  u  (  li<  til  ,  28,  ,1'iMl  1 1 '.«•  !l  .  21 ,  lfi‘l  i  . 
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•  1  ‘  A.  I*.  Viii  .*  .*i.  I  M.  K  i.,».  Vr-r.  Vo.{  >»<■.  S,*.  H,  125.  f.O 


Since  the  rt-rJ-pipendyl )-7-i  ritlum diii.-i  lr.  I- I-qua  >■- 
linemetl. a;;::!  corresponding  to  17  was  not  obtained.  •  In- 
rt-ilibutylaininoineibyl  analog  Id  was  synthesized 
through  tin-  ilia/oiia-!  h\  let  ion  of  t  In-  eoni-pondiug 
eineiioninie  acid  by  slnmlaril  proeeili.n-. 1 

T-C'liloioeinehoninie  ai  id  ( 15.  II  7-<  ll  did  not  give 
tin1  desired  ketones  upon  I  lentiin  m  with  Mel  .i  or  2- 
I’y  I  .i.  The  a-diei  h  ••  iainiiu >tin  t  h vl-7-cliJorii-4-quino- 
liueineihauol  was  iheri  lore  synthesized  by  the  classical 
procedure  employed  earlier  for  llu*  dihexyl  analog. Ic 

2-Substitu(ed-o-(2-piperid}li-l-quinolinemetiianols 
(2). — Three  of  these,  lilt*  0-Htli  >ro-2-/>-tulvl  atul  0- 
Huoro-2-trifluoronu'thyl  derivatives  2a  and  2b,  and  the 
8-f1uoro-2-trilluoromethyl  compound  2c,  were  synthe¬ 
sized  by  known  procedures.1’''’  In  each  case,  as  in  the 
many  analogous  syntheses  in  this  series,  only  one  of  the 
two  possible  diastereoisomerie  racemates  was  isolated, 
presumably  formed  predominantly  bv  stereospecific 
hydrogenation.5* 

Biological  Data/ — The  antimalarial  activities  of  com¬ 
pounds  1  and  2,  listed  in  Table  I,  were  not  outstanding. 
Thi'  most  active,  la  and  lb,  were  partially  curative  at 
640  mg/kg  and  active  at.  100  mg/kg.  Only  la  ef¬ 
fected  low  but  significant  increase  in  survival  time  at 
40  ntg/kg.  The  one  tctrabydroquinolinc,  16,  was  iu- 
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DJ0 

too 

40 

Coir  pit 

mr/ktr 

mR/kK 

lojt/kK 

la 

20/20. 1* 

fi.S 

o.s 

lb 

20  27.2'. 

10.7 

2.0 

1c. 

0.R 

0.0 

0.4 

Id 

s.r> 

0.1 

O.t 

2a 

t  .:> 

1.1 

0.0 

21> 

•i.i 

3.5 

0.7 

2c 

ltor. 

a.  1 

0.4 

2,1 

.‘i.O 

0.5 

IC> 

o.;> 

o.;; 

o.:: 

*  Piumcs  are  average  increases  in  survival  time  (days'!  of 
infected  mice  (5  per  test,  group)  tieyoiul  that  of  untreated  con¬ 
trols.  *■  See  ref  ti.  f  Two  coves  ami  an  average  increase  in 
survival  time  of  IS  mice. 

Experimental  Section17 

2- Aryl-4 -aeetylquinolines  («).— In  a  typical  example,  fl.d  g 
(0.n:'> I  mule)  Ilf  powdered  g-p-tolyi-Ci-inethylciiii'himinie  acid 
f.illmviMl.y  lino  mint  drv  KtjO  was  rapidly  added  to  a  vigorously 
it  list  Mill!  of  O.itST  mole  of  Mel  .i  -from  1.2  tf  of  t.i  and  I  t  g  <4 
Mel )  in  i'Ji)  ml  of  anlivil  KijO  miller  Ni.  After  stirring  for  2 
a, till  hr  and  Iniholysi-  and  evapn  of  the  eth"r  layer,  the  residin' 
w:es  reeryst.it  from  al»s  Kt*  >11 :  S.  tguflih  sip,  s. 

n-itrnmomethyl  2-Aryl- l-ciuin«lj  I  Ketones  i/ia  il  >.  A. 
To  a  stirred  rellnxiug  -uln  of  J.To  g  pi.tH  tuoli'i  ot  tih  in  2.i  :::!  ol 
glacial  Act  >11,  was  mlded  over  to  min,  asolu  of  I  .tip  g  a  0.01  mule) 
ol  Hr,,  in  Id  ml  of  glaeiai  AeOll,  with  emuhiui'd  lethixiog  for  HI 
min.  t 'pm i  eooliug  and  |i.»urmg  onto  ire,  the  resulting  ppt  was 
wadicd  with  Nulll'd,  -o!u,  and  leerystd  from  al>s  1-M M I :  2  0 
g  I  •«'*'  •  )■ 

(tnt  (at  N.  It.  I.eiiVe.  fli  t).  Ili  -urliilion,  I'nin'.-.il,  ot  Vircinia.  I'lur. 
lours.  ,l!e.  Va.  t'.llli.  T>  UW:  <'■'  It-  V-  J'  *'■  1 “ul  ' 

J  ciikt*  J.  ,-lw»«T.  C*fcrm.  M.  I V!o0  \l’Hi  ). 

',17,  t, u,.'l  worn  a,.|.ara„.»  tor  onr.-r. 

Anal,  ivrre  oom-.l  (±0.4'  it:  t  la.ll.railli  l.»t,.  In.'.,  ainl  s.,  /k.'l.t  Mins- 

anuluirat  t  at..  Variinni  siiWiina,,.iii  of  analvli.al  i.mil'.'-  1  ‘  ' 

,Hr  r.w|»r.  live  in|,.  Sali>t.irt..rv  -iwtra  "vie  .a.la.nrd.  ter 

.moaiieo  wliro-  . . .  an.,  raiel.imlv  in  ult.rr  ""  r 

.117  miir,  I lilart.i.  I’.  I..  IC-’O.  ma.o  ,ie-. lr..tra|..,.  Iluarta.  I  -I..  I- 'll 
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!l.  Td  a  stirred  >lutiy  or  Y79  g  \0.02  mciv)  nf  tia  and  5t»  ml  of 
glacial  AtOll  was  added  1.01  gitMHHib  mole)  of  Nal’rOj  followed 
tift'lcr  heating  at  100°  by  «li  «»|m  i.sc  .uldiiiwu  «#i*  11  g  of  -Is* 1 1  JJr. 
The  mixture  was  then  poured  onto  ice-114)  amf  the  resulting  ppt 
was  recrystd  from  13011;  6.  IS  g  •  ssr,  'Hu*  yield  « >f  5b  by 
this  method  Was  75'  ,  . 

o-(  Diwf-hutyl;imMomclhyl)-2-/>-tolvl-6.S-dimethyl-4-<tinn- 
olinemethanoi  11(1  (111).  A  mixiuie  .»f  nude  l»ium«'h> « 1 1 in 
(II. I  g,  0.03  mole,  obtained  in  Sl'7  yield  by  AhO-i  |’i  h  reduc- 
tion  nt  the  bronm  ketone  5a\ ■*■)  and  10.5  g  1 0.01 3  mole  )  of  »i- 
liitjNM  at  S0-Sj°  was  stirred  for  00  hr,  •  •ooled,  ami  diUi  with 
dry'  KttO.  .After  removing  the  pptd  salt  by  tilt  rat  ion  the  soln 
was  coned  under  reduced  pressure  and  the  unused  n-UiijNH 
was  then  removed  by  vac  distn.  A  soln  of  the  residual  viscous 
oil  in  a  small  amount  of  abs  KtOll  was  eooted  in  ice  and  treated 
with  ethereal  1 101.  The  resulting  ppt  was  rerrystd  from  13011- 
KtflO;  12.CS  g  (93*70;  1*  was  made  similarly,  (*ompd  lc  was 
prepared  from  the  corrcsi>oiidiiiK  bromohydriu  by  the  action  of 
refluxing  KtjNH-tHMi/ene  mixture  (15  hr).  An  KtjO  soln  of  1 1  ie 
base  (obtained  as  above  for  lb)  was  treated  with  ethereal  HCJ, 
giving  a  hygroscopic  brown  dibvdrochloridc,  which  upon  rapid 
recrystn  from  1-PrOll-Kt.O  yielded  42*’,  of  analytically  pure, 
hygroscopic  motiohvdmchloride  t.lch  tup  135-I3S°  dec. 

lsatins.---The  0-1*1,  0-Ilr,  6-K,  6-(*Fj,  and  7-(T\i  isatins  were 
prepd  according  to  published  procedures.13  Mixtures  of  -4-  and 
G-subsli lu ted  isatins  were  sepd  by  the  method  of  Sadler.  *• 

Quinoline-2, 4-dicarhoxvlic  acids  (It)  were  prepared  from  the 
corresponding  isatins  by  the  method  of  Senear, « '  til.1* 

Cinchoninic  acids  (151  were  obtained  from  i he  corresponding 
quinoline-2,4'dicai  boxy  lie  acids  M  by  decarboxylation,  in  re¬ 
fluxing  PhNO.  for  1  hr,  or  in  Ph?0  at  215°  for  15  min. 

a-(Hromomethyl)  7-Trifluoronieth\1-4-quinolyl  Ketone •  HBr, 
(5e). — A  stirred  soln  of  12.1  g  (0.05  mole)  of  15b  in  00  ml  of 
SOClj  was  refluxed  for  1.5  hr.  The  SOt*l-  was  distd  at  l  atm 
pressure  and  100  ml  of  dry  Cell*  was  added  and  distd.  A  soln 
of  the  residue  in  125  nil  of  dry  1*34)  was  filtered  through  glass 
woo],  stored  in  a  dropping  funnel  under  a  CnCI?  drying  tube,  and 
added  dropwise  over  0.5  hr  to  a  cooled,  stirred  soln  of  0  g  (0.14 
mole)  of  iti  415  nil  of  134),  a  yellow  ppt  appearing  toward 

tbc  end.  The  mixture  was  stirred  for  1  hr  and  then  treated  drop- 
wise  with  40  ml  of  4S'  c  II  Ur.  After  1  hr  of  additional  stirring  the 
tan  solid  5e  was  collected,  washed  with  30*7-  ACOH-KljO,  and 
oven-dried;  12.54  g  (63 '  j  ),  yellow,  tnj»  187-193°  dec. 

7-Trifluoroineth}  1-4-quinoJy  lot  h>  lone  Oxide  (7a). — A  soln 
of  9.30  g  (0.021  mole)  of  5e  in  75  ml  nf  MeOll  was  treated  with 
A(|  5*7  NalK’Oa  until  pH  7  was  readied;  it  was  then  treated 
dropwise  over  15  min  with  a  soln  of  1.5  g  of  \aUJU  in  15  ml  of 
11*0  to  which  had  boon  added  4  ml  of  2  A’  NaOH.  After  stirring 
for  1  hr,  diluting  with  125  ml  of  U4>,  and  extg  with  petr  ether 
(30-00° ),  the  ext  was  dried  (KfCOt)  and  evapd,  giving  4.02  g 
(S27r)»  wax  product,  mp  53-59°,  recrysUl  from  isooctaue,  4.01  g 
(72^,'  ),  mp  5S-G0®. 

rt-(i)i-««buf>laminomethy|)-7-lrifluoromethyl-4-quinoline- 
methano!  Succinate  (Id).—- A  stilted  *«>ln  nf  7a  (1.0  g,  IMIKis 
mole)  and  20  ml  nf  /i-UiiNII  was  heated  at  120°  for  1.5  hr. 
After  evapg  excess  a-Hii.-Nil  ,n  v>ttna,  the  residual  nil  \v:i<  taken 
up  in  J3  4);  and  the  hydrochloride*,  were  fractionally  pptd  by 
ethereal  11CI,  The  first  crop  was  cry  sin  (/i-lhijNlI  •  IK’D,  but 
4iih>e(piC!it  crops  were  gums  from  which  13  4)  was  decanted. 
Treatment  of  these  with  XaOlI  soin  and  extn  with  13.4),  drying 
(MgSOi),  and  retreating  with  ethereal  11(1  gave  a  tan  oil  which 
solidified  u|m»m  cooling  with  Dry  lee -ace tone;  white,  hygroscopic. 
Treatment  of  the  salt  with  l»:w  and  e\tn  with  134)  gave  3.51  g 
of  tan  oil  (57*7 ).  A  125-ml  13-0  miIii  of  this  was  treated  with 
an  equimolar  amount  (1.15  g)  of  suremie  acid  in  450  ml  of  13  -0. 
Kvapn  t*i  400  ml  and  standing  at  0°  for  several  days  gave  3.01  g 
(44*,,)  of  Id  Muemaie,  mp  90-97.5°;  a  second  crop  <4  0.00  g 

(7*/*)  was  obtained  'jf*  comvt  nf  the  13*0  soln  to  100  ml  (total 
yield  51*7  V 

2-Pyriilyl  l-Trjflnirmnelh)  M-qtiinolyl  Keione  (lh).  A. — 
Treatment  of  I5h  *007  g.  oo|  undo)  with  2-P>?.i  (O.IVt  mote) 
in  30' Til  K-  19*0  at  —70s  and  msl  theproilmt  from  Kit  >11 
yielded  5.S5  g  of  i.oi  solid.  Hip  1 0-"»  - 1  .  whuh  ttis  then  Mib- 

liine<|  (overnight  >  at  1 10  '  .0  0  »  nun):  1.90  g  il0',‘,jt  colorless; 
mp  1 17-119* 

(t«)  p.  IV.  J.  Org  Chtm..  11,  lul  O'jMit. 
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ti-.Mc 
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ti-('i 

i:i;Scii:cst 

(>ClhCO.\II:  (9b,  .»)%)' 

•*  (^  =-  Substituted  4-tpiiimlvl ;  Py  =»  2-pyridyl;  Pip  *  2- 
piperidvl.  Keaniitm  tune  *4  hr.  {  Wtuked  up  by  column 
ehnunatographv  on  silica  gel.  eluting  successively  with  petr  ether 
Oil)  00°),*  c\ll«y  CIICI:,  and  -Me.CO.  J  Ir  (Nujol)  224S  cm"* 
(('  NT).  'Anal.  C,.dl)3P.»N;0,  N ;  ii  (Nujol)  cm"*,  3350,  3195 
(Nil-,),  1075  (C* -•()).  1  Up  120°  <3  mm):  Anal.  C,:UnN«. 

C,  11;  N,  ealed  25.00.  found  24.43,  ir  (iieat)  3480,  3360  (NHi), 
3970,  5940,  5S:3)  ((*H\  2175  (CT'-N)  and  1630  (C— C,  C— N) 
enr1;  nmr  (C1)('I.A  5  0.97  tin,  12,  Clla),  2.4 S  (m,  8,  CHi)» 
3.26  (s,  2,  NCH2),  and  5.26  (s,  2,  NH;).  Ir  (Kttr)  3350,  3165 
(amide  Nil.),  16S0  cm'1  (amide  Cs-sO). 

0, _ Kthvl  7-t  r«ilvmromet hylcinchouinat e  (8.3  g,  0.031  mole), 

when  treated  in  134)  as  above  with  0.137  mole  of  2-PyLi,  gave 
6.25  g  (67*:;-)  of  lib.  mp  111-114°.  No  17  was  found. 

2-Pyridyl  2-*(2-l>yridy|)-7-irilluoromelhyl-4-quinolyl  Keione 
(f7)# —  Recryscu  fmm  .M*c('N  of  the  residue  from  the  above  sub¬ 
limation  of  1  lb  yielded  l.s7gol  17  ( 12r,5)f  mp  lb9‘-171°. 

«-(2-Piperidyl)-8-triIUioromelhyl-4.quinolinemethanol  HCI 

(2d).- -A  mixture  of  5.0  g  molelcd  11a.  1.2  ml  oi  coned 

HOI*  0.25  g  of  PlOt,  and  125  ml  of  abs  ICtOU  was  hydrogenated 
at  2.S  kg/enr  for  1  hr;  total  Hs  absorbed,  0.059  mole.  Filtering, 
evapu  to  30  ml,  pouring  into  dil  NaOM,  13 jO  extn,  drying 
(MrS04),  treatment  with  ethereal  HC’l,  decantation  from  the 
gummy  salt,  dissolving  in  abs  KtOll,  and  1  real  men  i  with  anhyd 
134)  until  cloud v  gave  an  oil' -white  ppt,  which  was  filtered  and 
nil -dried:  U.S0  g  (H\A,  mp  165-172°  dec;  recrystd  from  i- 
PiOH-KtvO;  0.22  g  (4*7);  tan:  mp  204-206°  dec. 

rt-(2-Piporidyl)-8-lrilluoromethyl-l,2,3,l-lotrahydro-4-qtnn- 

olineniethanol  (16).-- A  mixture  of  9.50  g  (0.0515  mole)  of  11a, 
5  ml  of  coned  IK.*),  0.05  g  of  PtO.,  and  200  ml  of  abs  13011  was 
hydrogenated  as  above,  absorbing  0.15  mole.  The  base  was 
recrxstd  from  a  small  vol  of  Mt-CN :  0.60  g;  .-oUn  less;  mp  179- 


IS3°. 

o-(2-Piperidy1)-6-  and  -S-!hu»ro-2-trit!uoromethyl-4-quino!ine- 
methanol  IKI  v2li  and  2c)  wete  prepared  by  the  previously  re- 
]xu-(ed  reaction  se«tuem*e2  the  4-(piiuoloue  —  QBr  —  QC'OOH 
—  QCOPv  2b  ,c. 

*,»-( 2-Piperi<lyl)-6-!luoro-2-/»-iolyl- l-quinolinemethanol  (2a) 
was  obtained  (In*  puhlidied  proee«lure*f  frmu  Ah'  c<»rresponding 
6-fluoro-2-p-lolyicinchoninic  acid  (prepared  by  the  1  lit/.ingei 
reaction  betw<n*n  f»-tluoi'i»i>at  in  and  pMiiciliylacotophemmo). 

Ucac lions  of  2-TrilluoronuMliy I- 1 -quiuoly (lit hium  Derivatives 
(Prepared  as  Previously  Described*).  -  The  juoducts  were  ideu- 
titied  by  e*nup:uisoi»  of  mp  and  ir  >pectra  with  those  of  authentic 
samples.1  In  a  typical  example,  a  Might  excels  of  2-eytmopyri- 
dino  was  added  to  a  soln  of  f>-methvl-2-lriilituromelhvl-l-nuim»yl- 


itl.ium  in  dry  Kl/)  un.lor  N’i  at  -7lO.  Uu-r  2  hr  tho  "uMnra 
was  w tinned  to  room  temp  and  l.y ilroly/.ed  (114)’.  J  he  result 
nc  rt-(2-pyridvl)  l»-nieihvl-2-iritlunromeihyl-l-«iuinol\l  ki  tom* 
*„*  rr,ry>i,l  from  laOII  U«»* ,  >  "i|>  I.V/  (111."  mp  !•>■!').  TU- 
rC'ollx'f  i.iicnl.'  uo  'I'owii  iu  l  al'li'H. 

An  uni'll!  Iicivo  Inn  r\|H  i  l.al  \ti«‘  Ivamoii  Ih-hh-ou  4^|umoly I- 
lilhi.mil  .ml  |.i|«M-ol.-mr  ».h1  «Iiu  h  lui'  <«"  a<  nv<-  liydioirons  ami 
(„rm  a  iliam.m  uilli  »»«»  pioumaW*  m-taiivo  chaiso', 
fail.-.l  !.iKivi-llm|u|'*  U'V'l  --i-louoi  m  llm  >  a-.-  "f  ll.o  f. Me  «U  i  iv:i- 


The  reaction  of  4-evmnc-G.8-ilime«hyl-2-«rilluoromcthylqiiin- 
olinc  (13')  with  2-Vyl.i  Kl,0  at  -70J  Inr  l  hr  under  N,  anil 
purification  by  column  chrouiabiRiaphy  on  silica  gel  ft 
gave  50%  of  2-pyridyl  6,.S-du,iethyl-2-liithiorouieUiyl-l->|iiiiiuiyi 
ketone,  nip  04°  (lit.*  nip  98° ). 
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K"* 

Mp.  *C*-*-' 
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Analysis* 

23 

6-Me 

CF, 

11 

89 

CuN.F.N'* 

18a 

6-F 

CF, 

on 

255-260 

74 

CJbF.NO 

18b 

8-F 

CF, 

on 

144-145 

69 

C.olbF.NO 

18c 

6,8-F, 

CF, 

on 

164-165 

63 

C,flI,F,NO* 

19a 

6-F 

CF, 

Br 

93-95 

78 

CmlbBrF.N 

19b 

S-F 

CF, 

Br 

68-69 

94 

C„n,BrF,N 

19c 

6,8-F, 

CF, 

Br 

84-85 

96 

CicN.BrFiN 

14a 

8-CF, 

COOII 

coon 

230-232  dec 

92 

C„N,F,N(), 

14b 

7-CF, 

coon 

coon 

235-237  dec 

85 

Ci, 11, F, NO, 

14c 

7-F 

COOH 

coon 

210-2 12  dee 

91 

CulbFNO, 

14d 

7-Br 

coon 

coon 

94 

Not  anal. 

15a 

8-CF, 

n 

coon 

232-235  dee* 

85 

C„n,F,NO, 

15b 

7-CF, 

II 

coon 

283-286  dec*  * 

91 

CnlblbNO, 

15c 

7-F 

11 

coon 

289-290  dec* 

35 

CulbFNO, 

15d 

7-Br 

n 

coon 

247-250  dec/ 

86 

C„N,BrNO, 

I5e 

6-F 

PhMe 

.  coon 

274 -275 

92 

CijIIijFNO, 

20a 

6-F 

CF, 

coon 

207-209 

05 

Cull, F, NO, 

20b 

8-F 

CF, 

coon 

218-220 

78 

CnlU'.NO, 

25 

7-CF, 

II 

COOEt 

67  69’ 

91 

Not  anal. 

26 

6,8-Me, 

PhMe 

COOMe 

122-123 

S8 

C„Ib,NO, 

27 

6,8-Me, 

PhMe 

COOEt 

117-118 

97 

C,iN,iNO, 

4a 

6,8-Me, 

PhMe 

COC1 

138-139’ 

67 

c„n„cino 

Ca 

6,8-Mc, 

PhMe 

COMe 

123.5-124.5 

72 

C,,Ib,NO 

6b 

6-Mc 

.PhMe 

COMe 

117-118 

86 

C„I1„N0 

6c 

•-Me 

PhOMe 

COMo 

123-124 

8? 

CnNiiNO, 

6d 

6-Me 

PhF 

COMe 

116-118 

68 

C„H..FNO 

6e 

6-Me 

PhCl 

COMe 

133-134 

85 

Ci.lInCINO 

6f 

6,8-Me, 

PhOMe 

COMe 

101-102 

81 

Cull  t, NO, 

24 

6,8-Me, 

PliCl 

COEt 

120-121 

65 

C»N,iClNO, 

28 

6,8-Me, 

PhMe 

COCHN, 

159-160 

78 

C,.N„N.O 

5a» 

6,8-Me, 

PhMe 

COCIbBr 

145-147 

88 

C;oN„BrNO 

5b 

6-Mc 

PhMe 

COCHiBr 

132-135 

71 

Ci,Ni,BrN0 

5c 

6-Me 

PhOMe 

COCIbBr 

106-108 

75 

C„H„BrNO, 

5d 

6-Me 

PhF 

COCIbBr 

134-136 

72 

CnlluUrFNO 

5e 

7-CF, 

H 

COCIbBr 

203-205  dec* 

63 

C„II,BrF,NOHBr’ 

7a 

7-CF, 

H 

CH— CII, 

06-02’ 

72 

C„N,F,NO* 

\y 

O 

9a 

6-Me 

CF, 

CH.CONII, 

200 

20 

Ci,H,iC1F,N,0' 

9b 

6-C1 

CF, 

cn, con  n, 

260-201 

50 

C,,1I,C1F,N,0» 

21a 

6-F 

CF, 

COPy 

121-122 

90 

C,.H,F.N,0 

21b 

8-F 

CF, 

COPy 

130-132 

62 

Ci.H.F.N  ,0 

21c 

6-F 

PhMe 

COPy 

172-174 

49 

C„1I„FN,0 

11a 

S-CF, 

II  • 

COPy 

141-141.5 

76 

C„1I,F,N,0 

Ub 

7-CF, 

11 

COPy 

118-119.5 

16 

C„N,F,N,0 

17 

7-CF, 

Py 

COPy 

170-172- 

12 

C,.N„F,N,0 

22a 

6-F 

CF, 

CHOIIPy 

123-128 

97 

C„N,„F,N,0 

22b 

8-CF, 

H 

CHOIIPy 

133t134 

76 

C,.N„F,N,0 

2a 

6-F 

PhMe 

CJIOIIPip 

165-108 

33 

C,.n„FN,0 

2b 

6-F 

CF, 

cnonpip 

256-258  dec 

73 

c,.n„F,N,onn 

2c 

8-F 

CF, 

Clio  1 1  Pip 

27.5-278  dee 

62 

C„N,*F,N,0-NC1* 

2d 

8-CF, 

n 

CHOI  1  Pip 

204-200  dec- 

4 

CuUuF.N.OIlCl' 

10* 

8-CF, 

II 

CHOIIPip 

182- 185- 

6-46 

C„N,iF,N,0' 

la 

6,8-Me, 

PhMe 

cnonibNEt, 

217-219  dee* 

92 

C„N»N,0NC1* 

Ib(HCI) 

6,8-Me, 

PhMe 

cnoncibNBu,  nci 

206-202* 

93 

C„H«N,01IC1' 

lbfbasc) 

cnoncibNBu, 

78-79* 

C„Nv,N ,() 

lc 

7-CI 

I! 

cnoncibM'.t, 

13.5-138  dcc- 

42 

C„NlJClN,ONCI* 

Id 

7-CF, 

11 

cnoncibNBu,  s* 

96-97” 

51 

c„nkf,n,o,* 

•  16  is  the  1 ,2,3,4- tctrnhydmquiiinliiic. 

*  Ph  =  phenyl  substituent  para; 

Py  =  2-pyridyl; 

Pip  «  2- 

pipciidxl.  *  Id:  S  ”  sue 

cinic  acid  4  drr  «  metis  with  d<*compo«iit  ion.  •  I  Vearlmwl.'iliou  solvent,  I’h.O;  f  I*liNO;.  •  Him  i  y*t:dluulion  «ulvo»t,  KtOH,  unites 
otherwise  !*p«*cificd  a**  follows:  *  *J-iiu*tho.\yci  liaiml ;  *  hexane:  1  AcOKl;  ‘  AiDll;  1  isnm'tanc;  “'Met’N;  ”  /-PrUU-l’i.*0;  *  1'lOtl- 
KtjO;  *  MfrCt pentane.  «  Within  :t  0.4  Sfp  :tnd  for  t\  It,  e?.*o|»i  v.l;f*o  nihorwi*v  >pcciiied :  r  f**r  C,  It.  N,  *  for  l\  II,  V ,  *  for 
C,  11,  Hr;  *  fur  N.  *  C:  ••atid  ti'J.Ati,  found  0J.U0.  *  C‘,  II:  ruled  i'J  '.ii,  J  77,  found,  -I!)  *>J,  -  US  J  C:  edrd,  7  JUS  found,  o.i.J’h 
*  A.  L.  Crosby.  M.  S  Tlir.'U.  I  ■  »ivi»rMlv  of  Vinrini**  0"*r*stlt*>v*'l(»  V«  l*‘VJ 
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V.  Part  1.  (Continued) 
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Amlnoa lcohols  oL:  Type  L. 

Synthetic  efforts  were  frustrated 
by  the  facility  of  displacement  of  one 
F-atoni  and  were  discontinued.  The 
yields  of  cinchophens  2_  (and  5  by 
-accompanying  ethanolysis)  were  greatly 
improved  by  the  modified  Pfitzinger 
procedure.  Reactions  with  2-PyLi  in 
Et20-T1IF  or  Et20  gave  2-pyridyl  ketone 
£  and  dipyridyl  ketone  6. 
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Antiinala rials.  II. u  u-(2-I>ipi'iiilyI)-  ami 
a-(2-Pyridyl)-2-lrittuoi‘i>iiivlliyl— l-iniinoliiieuicthaiiols»lb 

Jounml  of  MoJi.  iiiul  Chrmuury.  Jl,  267  UUoSt. 

Rogkr  M.  Piniikk  and  Au-n::n  P.ukc;:r 

Ih/iiuOi..  :  Chemishg,  CninriUyof  Virginia,  Charlottesville,  Virginia  SSUOl 

lirccind  October  IS,  <W7 

A  series  nf  cr-(2-|iiiieri<lylKi-inllanii>mi-tliyl  I"|tmioliiicmcthuii<>U  was  syiillioi/rd  in  I  he  hope  that  replnce- 
niont  of  2-aryl  l>y  2- 07  would  ileerense  !lie  plmtnseiisitiziins  cpialilies  nf  the  ‘2-aryl  analogs.  All  of  the  2-tri- 
Hiluroinctliyl  derivatives  rarryitn;  ti-  nr  S-C'lli,  -OlfiO,  or  -Cl  substituents  increased  the  survival  time  of  mice 
infected  with  I’lasniortmm  beryhei,  but  they  retained  photosensitizing  properties,  albeit  less  than  the  2-aryl-sub- 
stituted  analogs. 


A  number  of  o-^-piperidyO-l-quinolinomothanols11'"5 
have  high  antiplasmodial  activity  in  avian  infections.4 
High  activity  is  associated  with  a  substituent  in  the  2 
position  of  the  quinoline  nucleus,  particularly  phenyl, 
which  will  prevent  oxidation  at  that  position;  the 
cinchona  alkaloids  and  related  compounds  are  rapidly 
biotransformed  in  man  to  the  inactive  earhostyril 
derivatives.5  The  most  promising  compound.  ti.S-di- 
cbloro-2-phcnyl-a-(2-piperidyl)-4-quincli  ue  methanol, 
was  eighty  times  more  active  than  quinine  against 
Plasmodium  cathcmcrium  in  the  duck,4  but  it  pro¬ 
duced  severe  photosensitivity  and  did  not  find  clinical 
use  in  man.6  There  is  renewed  interest  in  this  type 
of  antimalarial,  both  because  it  is  firmly  bound  to 
host  tissues  and  slowly  released  and  therefore  has 
repository  properties,  and  because  it  has  shown  one  of 
the  highest  recorded  activities  against  Plasmodium 
lertjhei  in  mice.7  It  has  been  theorized  that  photo¬ 
toxicity  arises  because  of  the  increased  resonance  con¬ 
jugation  from  the  2-arvl  group;7  a  trifluoromethyl 
group  in  lieu  of  a  2-aryl  group  may  modify  this  prop¬ 
erty  and  still  prevent  oxidation  to  the  earhostyril. 
We  are  therefore  reporting  the  synthesis  and  antimalar¬ 
ial  activity  of  a  series  of  o-(2-pipcridyl)-2-triiIuoro- 
methyl-f-qumolincmethanols  (I)  and  of  the  corre¬ 
sponding  «-(2-pyridyl)  compounds  (II)  which  represent 
a  new  type  of  analog. 

The  synthetic  approach  to  amino  alcohols  of  types  I 
and  II,  starting  from  the  corresponding  quinoline-1- 
carboxvlic  acids  (IV),  is  outlined  in  Scheme  I  and  re¬ 
duces  the  number  of  steps  from  six7’*  to  two.1*  Addi¬ 
tion  of  2-lithiopyridine  to  the  acids  at  —00°,  followed 

•  (l)(a)  Paper  1:  D.  W.  Ilovkin.  Jr..  A.  R.  raid.  R.  K.  Lu'.«.  and  A. 
Burger,  J.  Htterocycl.  CKtm.,  4,  469  (IM7).  (b)  This  *urk  was  support*! 

by  the  U.  S.  Army  Medirnl  Kvrearch  ami  Development  Command,  Contract 
No.  DA*49-1C>3-MlN-23.Vi,.  Contribution  No.  297,  A.  Burner  and  11.  K.  Luts 
eo- responsible  investigator*. 

(2)  A.  D.  Ainley  and  H.  Kinx.  Proe.  Hey.  Soe.  (London),  BISS,  60  (1938). 

(3)  H.  Y.  Urowo.  fl  rtf..  J.  An.  Chfm.  Noe..  (8,  2705  1 1946);  K.  K.  Much- 
man  am!  D.  H.  lluwton,  68,  2718  (1946);  K.  It.  Iturhtnan,  H.  Sarxent, 
T.  C*.  Myen.  and  D.  K.  Mom  tun.  i6td.«  68,  2710  (1916);  V..  II.  Bu'-htimn,  M. 
Sargent,  T.  C.  Myers,  end  J.  A.  Srnrker,  i '•«</  ,  68,  2092  (1910);  J.  B.  Km-plli, 
M.  M.  Rapport.  A.  L.  Veneer,  end  J.  F.  Mead,  ibi-i.,  68,  2097  (1940);  H. 

K.  Luts,  ft  ol.,  »!» id..  68.  181.1  i|94l»);  J.  F.  Mead.  A.  K.  I'rncar,  and  J.  B. 

Koeprti,  i„  68.  2709  (|9|0.;  II.  Snrxent.  »fc«d..  68  .  2087  M91H);  H.  A. 
Seibert,  T.  R.  Norton,  A  \.  l-.-ujmn.  and  K.  W  Mer«t«trom.  68,  2721 
(19l#i);  A.  L.  Scn.nr,  11  F.irymt.  J.  F.  Aie-d.  and  J.  B.  Koenffs,  68. 
2o»5  (1916);  Y.  !,.  Ja  K.  V  Levy,  1  >.  Seymour,  <1.  B. 

Lioden.  end  It.  B.  Henderson.  •  l*id..  68,  2711  (I'Jlnt. 

(4)  F.  V.  VYiaeUxtc,  '\  fhir.ev  ol  Aniininl. trial  Drux*.  1941-1945,’'  J. 
W.  Fd  wards.  Ann  Arbor.  Mn  li,,  1910. 

(5)  K.  T.  IVil  iaan,  *' Detc\i<'a'ion  Merhaniam*,”  John  Wiley  and  Sons, 
Inc.,  New  York,  N.  Y,,  1959.  p»*.*5. 

(6)  T.  N*.  1,iil,*n.*n.  H.  ^‘ra*»*.  A.  S.  \!\mg,  C.  M.  U  liurton,  It.  Join*,  and 

L.  Kichtlherfer,  J.  (,’»»'».  Inee*t  ,  27  iSut  pI.),  12  «19I.m. 

(7)  1).  i‘.  Au^tra  ts,  I.Vtrd  N’ati-n.i!  Mn  arm  u(  the  \  meric  an 
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SCHEME  I 


choh(J} 


fj 


by  hydrolysis,  gave  the  pyridvl  ketones  (III).  Cata¬ 
lytic  hydrogenation  of  III  selectively  reduced  the  car¬ 
bonyl  group  and  the  pyridine  nucleus  without  attacking 
the  qunoline  nucleus,  giving  the  amino  alcohols  of  type 
I,  while  reduction  with  sodium  boroiiydride  gave  amino 
alcohols  of  type  II. 

The  2-trifluoromethvlcinchoninic  acids  (IV)  were 
prepared  by  the  route  outlined  in  Scheme  II.  Con¬ 
densation  of  a  substituted  aniline  (V)  with  ethyl  -1,4.4- 
trifiuoroacctoacctates  in  the  presence  of  polyphosphoric 


Scheme  II 


IV  IX 


(3)  J.  Bordoo  an  I  V.  C.  I;  M»  I.hmi,!„i‘i,  T*t> 


•i  *.rdr.*H.  20,  190  1* 


-18- 


-18- 


T.mh.k  1 

■Vxi'iM  w.viuw.  Afi'ivi r\  nr 

iMhllH  l.-l-tjl  'IMIl.I.NKMKTIIAMlLS* 


i-CJ 


11 

G-OCH, 


Dose.  m»», 

(nu.  cured  out  ot  5  iiiicp) 

so  { 1 ) 


1  n itch. m*  in  mean  survival 
time,  days 


Experimental  Section 

.Writing  p-ipit-.  Acre  determined  in  ;i  eaplilar.V  melting  .if .1 
bath  anil  are  uumrreeted.  Whore  analyses  are  indicated  only 
!>y  symbols  ui  the  elemems,  analytical  resides  <, blamed  for  llioaC 
elements  were  within  ±0.1' of  ihe  theoielical  values. 

In  accordance  with  previous  ohaervul ions11  regarding  the  prop¬ 
erties  of  I’-trifliioromethyliiuinolines,  the  compounds  descrihed 
heicin  did  not  form  salts  due  to  the  drrrcu-cd  liasicily  of  the 
tptinoline  nitrogen  ntoni.  The  2-trilluoromethyl-4-<|uiuoliuoU 
(Table  II)  and  --I riii noroinet hy  1-t-ehloroqiiinolines  (Table  III) 
were  prepared  according  to  l)ey  and  Jonllic.10 

T.V  IILE  1 1 

2-THlt'LUOItOMETII  VL-1-<JUl.NOl.lNOLS 


6-CHa 

ICO  (tl) 

7.  1 

OH 

1 

3-1)  (0) 

7.5 

64U  (0) 

8.5 

R“U 

1 

S-Clfj 

160  (0) 

7.3 

N  XI 

330  (1) 

It 

Yield,  % 

Mp.  “C* 

formula*’ 

640  (5) 

li-CI 

70 

271-275 

CioHX'IFjN’O 

6,S-(CHa)i 

160  (0) 

S3 

8-C1 

55 

134-135 

CioII.ClFiN'O 

320  (2) 

0,8-CI, 

5S 

1S0-1SI 

CioII.CI-FjXO 

640  (3) 

0,S-tCHj). 

65 

150-151 

C,;II|oF,NO 

6-CI 

100  (0) 

7 . 5 

a  Recrystallized  from  EtOH. 

6  All  compounds  were  analyzed 

320  (0) 

S.  7 

for  C,  H,  N. 

Their  ir  spectra 

were  as 

expected.  *N:  ealed, 

640(1) 

“Tests  were  carried  out  in  mice  infected  with  P.  bmjhci 
Test  results  were  supplied  by  Walter  Heed  Army  Institute  of  lie- 
search,  Washington,  D.  C.  Enhancement  in  survival  time  of 
treated  animals  is  regarded  as  evidence  of  antimalarial  activity. 
A  compound  is  considered  active  if  the  mean  survival  time  of  the 
treated  group  is  more  than  double  the  mean  survival  time  (7.0 
±  0.5  days)  of  the  con  In  ’  group;  it  is  said  to  be  curative  when 
the  animal  survives  up  to  *  J  day  i. 


acid  Rave  only  the  4-quinoliiiols  (VI).  This  reaction 
with  ethyl  acotoacctate  itself  Rives  a  mixture  of  the  2- 
and  4-quinolinols,  depending  upon  whether  the  amine 
reacts  with  the  ester  or  the  jtf-keto  group.'  The  elec¬ 
tron-withdrawing  power  of  the  trifluoromethyl  group 
apparently  leads  to  exclusive  reaction  of  the  (now)  elec¬ 
tronegative  tS-keto  group  with  the  amine. 10  The 
4-quinolinols  were  hrominated11  or  chlorinated10  with 
phosphorus  oxybromide  or  oxychloride  iti  excellent 
yields.  The  4-bromoquinolincs  (VII)  reacted  readily 
with  n-butyllithium  at  —35°,  and  treatment  of  the 
resulting  lithioquinolines  with  dry  CO.  gave  the  re¬ 
quired  cinchoninic  acids  (IV).  The  4-chloroquinolines 
(VIII)  were  converted  to  the  corresponding  nitriles  by 
reflation  with  cuprous  cyanide  in  N-mcthvlpyrroIi- 
douo,1J  and  the  nitriles  were  then  hydrolyzed  to  the 
cinchoninic  acids. 

Biological  Data. — The  antimalarial  test”  data  for 
the  a-(2-pipcridyl)-2-trifhioromethyl-4-quinolmenioth- 
anols  are  listed  in  Table  I.  These  compounds  possessed 
moderate  antimalarial  activity  but  were  photosensitiz¬ 
ing.  rhe  miMibstitutod  «-2-piperidyl-2-t rifluoromet.lt- 
yl-I-quinoliiiuiiKtluouil.  however,  was  inactive.  The 
corrcspiiiuling  m-(2-pyriilyl)  compounds  were  inactive, 
hut  did  not  cause  phutosensitization. 


(N)  H.  C.  I!MnJt**1<l,  *' lit! «Tt»e\ flic  Compounds,"  V.»l.  IV,  Julm  W'ilvy 
fcud  Sons,  Inf.,  Now  N«*rk.  N.  ^  .,  t'.l'ii,  j. 

(  iOj  A.  S.  Ofy  Hf|«i  ,\|.  M.  JcwMlt*,  J.  HrUrocyrl.  Chrm..  3,  I  J.{  I 
(ID  C.  K.  Karn.i*  and  W.  It.  l.awlort,  J.  .twt.  Chrm.  Sor.,  73,  1721 
UO*^). 

(I-)  M-  S.  Newman  and  H.  Dodrfl,  J .  thy  Chrm  .  3ft,  ‘*7*2m*  t 
(D)  T.  S.  Owdene,  1\  II.  KiimoII,  and  1>.  Ilmie,  J.  .1/,,/.  Chrm.,  10,  I  II 
(1W7). 


3.32;  found,  5.S2. 


Table  III 

2-TkIFLUOUOMETHYLQU  I  NOLINE  DERIVATIVES 

X 


tvCF:) 


R 

X 

Yield,  % 

Mp,  »C* 

formula4 

II 

Br 

80 

3S-39 

C,„IItBrF,N 

H 

CN 

63 

130-131 

CnH.F.NY 

6-CII, 

Br 

91 

70-71 

CuHrBrFjN 

6,S-(CIfi)j 

Br 

95 

115-116 

CuIbBrFiN 

6,R-(CII,)j 

Cl 

95 

99-101 

C,iII»ClF,N 

6,8-(CIIj)t 

CN 

76 

126-127 

Cull.!  jNj 

8-CII. 

CN. 

65 

S0-S1 

CijIIjF.N. 

6-CI 

Br 

90 

110-120 

C„II.BrClF,N 

6-01 

Cl 

92 

103-104.5 

CiolI.CIsFjN' 

0-C1 

CN 

51 

142-143 

C„H.ClKjNi 

8-C1 

Cl 

84 

5S.5-59.5 

CioII.CIjFjN 

S-Cl 

CN 

42 

167-169 

CnII.CIF.N 

6,8-Ch 

Br 

97 

75-76 

C,,H,BrCltF,N 

6,8-Cli 

Cl 

88 

75-76 

CioIIjCIjFjN 

0-OCIb 

Br 

92 

124-125 

CnHjBrFiNO 

*  Reurystallized  from  EtOH.  6  All  compounds  were  analyzed 
for  C,  Hf  N.  Their  ir  spectra  were  as  expected.  *  N:  ealed, 
12.61;  found,  12.20.  d  C:  ealed,  45.13;  found,  45.56. 

2-Trifluoromethyl-4-bromoquinolines  (Table  III).  -  In  a 

typical  preparation,  a  mixture  of  2-trilluon>methyl-4-quinolinn| 
(30  k,  0.14  mole)  and  I’Olirj  (57  g,  0.2  mole)  was  stirred  at  1  Hi® 
for  3  hr.  The  warm  mixture  was  poured  into  ire- water  (600  ml), 
and  the  solid  material  was  filtered  olT  and  recrystulliml  from 
EtOH,  yield  31 

2-Tr»fluoromethylcinrhoninic  Arids  (Table  IV).  A.  In  a 
typical  example,  a  solution  of  4-hmmo-2-tri/luoromethyl({(iinolinc 
(55  k,  0.2  mole)  in  dry  ether  (000  ml)  was  added  over  15  min  t«> 
an  Kt-O  solution  of  n-lhd.i  (prepared  fr«*ni  3.5  £  of  I.i  wire  and 
35  0.25  mole,  of  ri-llultiO,  Mured  under  N;  at  —  35  '  f > »r  20  nun, 

and  was  then  point'd,  with  vigorous  stiirimr,  onto  powdered 
solid  (’()}.  After  removal  of  ether,  the  residue  was  dissolved  in 
If  4  >  and  the  arid  precipitated  by  carefid  ;o  idificat  ion  with  Act  >|J . 
The  collected  Milid  \\a<  ie«TyM;dh/ed  from  IdOAr,  yield  31  g. 

II.-- The  4h  hloi«H|iimoliucs  were  convert etl  to  the  l-«  tn- 
chomnon it lilcs  (Tahir  III)  hy  the  iuHImmI  of  Newman  u’n( 
Hodeu.13  lit  a  typical  hydroIv?.U,  a  mixluie  of  S  meihyl-2- 


■¥ 


Tam*  IV 

2-TKIt'LUUUOyfcTltYLQUINOLlNKCAHllUA.YUC  AclUS 

ran 


It 

Mctliixl 

Yield.  ‘ ;  « 

Me.  “i* 

lonmila' 

II 

a,  a 

Go,  51 

1SW-- 107 

UiilTiFiXOs 

(hCllj 

A 

67 

215-216 

C,:II,F.NO, 

S-CUi 

a 

51 

11*9-200 

C..II.F.NO, 

G,S-(CH,), 

A,B 

G2, 65 

224-22G 

CllHinFiNO. 

0-CI 

a,  a 

72,  71 

226-227 

C,.HsniTN(V 

S-Cl 

a 

IS 

210-212 

C.dM  'IKjNO,* 

G-OC1I, 

A 

63 

238-230 

C,sH.F,NO, 

*  Yield  from  sequence  B  is  bast'd  on  the  starting  4-chIoro- 
qiiinolincs.  6  llceryslallizcd  from  ElOAc.  *  Sec  footnote  h, 
Table  III.  J  C: .  ealed,  47.03 ;  found,  47.36.  *  No  N  analysis. 


Table  V 

'2-Tm  El,  UoltOMETll  YL-t-C  VIUtH  I YLQL  INCLINES 


it 

Yield.  % 

Mp. 

Formula 

Atmlyaes 

(I 

63 

130-132 

CkIUFAjO 

C,  II,  N 

&-c:iij 

00 

125-126 

C„H„F,N,U 

C,  H 

S-CI!j 

64 

08-00 

CuHoFjNjO 

C,  H,  N 

6,8-(ClI,)5 

73 

110-120 

Ci*IIijFiNjO 

C,II 

6-C1 

48 

152-153 

C,»H«C1F,Nj() 

0,  II 

8-CI 

31 

1  I<J— 117 

c„ii,cif3s,o 

C,  If 

6,8-Clj 

34 

138-130 

C„lI,CI,F1N..O 

C,  H,  N 

G-OCIfj 

67 

132-133 

C„lliiF,N,0, 

C,  II,  N 

1  Recrystallized  from  EtOlI. 

trifliioromelliylcineluminoiiitrile  (23,6  g,  0.1  mole)  and  a  solution 
of  NaOII  (12  g,  0.3  mole)  in  11.4)  (50  ml)  and  EtOlI  (120  nd) 
was  stirred  under  reflux  for  12  hr.  The  solution  was  evaporated 
to  dryness,  and  the  residue  was  dissolved  in  !!,.( )  and  filtered 
through  Celite.  The  clear  filtrate  was  acidified  by  dropwisc 
addition  of  Act  HI,  and  the  while  precipitate  was  collected  and 
rcerystallized  from  EtOAc,  yield  20  g. 

2-Pyridyl  4-<fuinolyl  Ketones  (Tabic  V). — To  mi  ethereal 
solution  of  n-lmtyllilhium  (0.05  mole)  at  —00°  was  added  rapidly 
2-bromopyridine  (S  g,  0.05  mole),  and  the  brown  mixture  was 
stirred  at  —till0  for  1  hr.  finely  powdered  ('i-melhoxy-2-tri- 
flunromcthylrinehnninic  acid  ( 5.t  g,  0.02  mole)  was  addtsl  all  at 
once  and  the  mixture  wa~  -tinisl  at  —  till’  for  2  lit.  It  was  al¬ 
lowed  to  warm  to  room  temperature  and  then  hydrolyzed  by 
addition  of  I  MX  The  ether  layer  was  dried  t  M  gSt  fit  and  distilled 


Table  VI 

2-TlUILLonuMECUYLAlUINuLlNE-l-MLrUAMjL  DtKIVATl.Lo 


CHOHX 


Virid, 


11 

X- 

% 

Mp,  °C 

solvent 

Formula' 

It 

Pip 

50 

254-255 

EtOH 

CitHn  FjNjO*  1101 

a 

Pvr 

SO 

1 15-1  lb 

MeOll 

CuHuFiNsO 

6-Clli 

l'ip 

00 

254-256 

EtOH 

CnlluFiVsO*  HC1 

ij-ciii 

Pyr 

01 

139-140 

EtOlI 

C’itMuFiNtO 

8-Clli 

Pip 

GO 

284-286 

EtOlI 

Cn  HtiKjNrO  •  HCl 

8-CUi 

Pyr 

100 

120-122 

McOil- 

C.lli 

Ciillui'jNjO 

0.8-(CHj)« 

Pip 

55 

279-280 

EtOlI 

c».itiiF.N:o-  an 

6.8-(CHi)i 

Pyr 

86 

128-129 

MeOll- 

c«u. 

CulItiFiNrO 

G-CI 

Pip 

45 

265-266 

EtOH 

CnHuCUiNrO-HCI 

6-Cl 

Pyr 

89 

149-150 

EtOH-pelr 

ethcr^ 

CuHioCIFjNjO 

8-CI 

Pip 

28 

248-250 

EtOU 

C..HuC1F»NjO*HLT 

8-CI 

Pyr 

78 

124-125 

McOH- 

C«H« 

Ci«H«C1F».N*;0 

0.8-Ch 

Pip 

03 

262-204 

EtOH 

c««iii*ci*FjS.oaa 

6.8-Ch 

Pyr 

8a 

138-139 

EtOH-pelr 

eUier* 

CmHvCLFsNiO 

0-OCHt 

Pip 

52 

241-242 

EtOH 

CnHuFiNrO*-  HCl 

6-OCll, 

Pyr 

100 

172-173 

MeOJI 

CnHuFiNsO* 

•  Pip  = 

=  2-piperidyl; 

Pyr  = 

2-pyridyl. 

*  .See  footnote  i 

Tabic  III. 

•N: 

ealed. 

,.7.35;  found,  7.80. 

'  Bp  30-00°. 

to  give  n  yellow  solid,  which  was  recrystallized  from  EtOlI  ils 
yellow  needles,  yield  4.7  g. 

a-' 2-Piperidyl)-2-trifluoromethyl-4-quinolinemethanols  (Table 
VI). —A  solution  of  G-mcthoxy-2-trifiuorumethyl-4-quiuulyl  2- 
pyridyl  ketone  (4  g)  in  EtOlI  (000  ml)  containing  1  molar  eqniv 
of  HCl  was  shaken  with  PtO.  (200  mg)  at  2.S  kg/cm'  under  ff:. 
The  reduction  was  stopped  when  4  equiv  of  lli  had  been  absorbed; 
the  catalyst  was  filtered  olT,  and  the  residue  was  concentrated 
until  crystallization  began,  Recrystallization  from  EtOlI  gave 
white  needles,  yield  2.2  g. 

a-( 2-Pyridyl )-2-trifluoromethyl-4-quinolinemethani>ls  (Table 
VI). — Naltll,  (0.26  g,  0.007  mole)  was  added  portionwise  to  a 
stirred  solution  of  (>-mc(hoxy-2-tri(hioromethyl-l-qiiiuolyl  2- 
pyridyl  ketone  (2.2  g,  0.007  mole)  in  McOll  (200  ml),  and  the 
mixture  was  stirred  at  room  temperature  for  2  hr.  McOll  was 
removed  under  reduced  pressure  and  the  residue  was  taken  up 
in  ether,  washed  (I 14*),  and  dried  (MgSOi).  The  ether  was 
distilled,  and  the  residue  was  recrystallized  from  McOll,  yield 

2.a  g. 
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The  2,G-,  2,7-,  ami  2lX-bLs(tritUinrnim*thvlVar-(2-piperiilyl)qim*<>rmcmet.hun«»lsl  ami  the  G-methoxv  derivative 
of  the  hitter,  have  been  synthesized  from  the  appropriate  4-quinol«me>,  through  the  4-brnmaqiiiuoliries,  CO* 
carbox  v  hit  ions  of  the  4-Li  derivatives,  additions  of  2-1’yrLi.  and  I  I-./l’t  reduet  ions  of  the  resulting  pvridyl  ketones. 
An  attempt  to  obtain  the  2,.Vl»isttrifluoromethyl)  analog  utilized  the  co  r  respond  tug  4-quinolone  formed  as  a  by¬ 
product  in  the  synthesis  of  the  2,7  isomer;  addition  of  the  4- Li  derivative  to  2-pyridaIdehyde  gave  the  cr-pyridvi- 
methanol,  but  subsequent  Hi  Pt  reduction  of  this  gave  only  t he  4-dihydroquinolone-or-(2-piperidyl)methanol. 


The  «-(2-piperidyl)-2-trifluoromethyl-4-quinolino- 
methanols  carrying  OC’IIj,  CIE,  or  Cl  in  positions  0 
or  S  have  consistently  shown  only  moderate  or  slight 
antimalarial  activities  against  Plasmodium  berykei  in 
mice,  and  tliey  were  also  moderately  phototoxic.3® 
The  synthesis  of  the  2,S-bis(trifluoromethyl)  analog, 
1,  begun  before  decision  had  been  made  to  terminate 
work  in  this  series,  was  nevertheless  completed10  for 
comparison  with  the  !)-phenanthrene  amino  alcohols 
where  3,ft-disubsti*ution  of  CFj  groups  had  brought  a 
very  considerable  increase  in  antimalarial  activity,4 
When  this  compd  1  proved  to  be  curative  at  20 
mg/kgld-5  and  relatively  nonphototoxic, M-6  the  synthesis 
of  the  2,7  and  2,0  analogs  3  and  4  were  undertaken  to 
initiate  evaluation  of  the  pharmacological  effects  of 
different  nuclear  positions  of  2  or  more  CF,  groups 
with  or  without  additional  substituents. 
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Four  target  drugs  1-4  were  synthesized  each  in  4 
steps  from  the  corresponding  4-quinolones  5a-5d  by 
adaptations  of  known  procedures,1-7  as  follows.  Con¬ 
version  by  POHr,  into  the  4-bromoquinolines  6a-6d 

(1)  (a)  This  work  w«"  s*n  i  »|M»r  i  I  l«v  llto  U.  S.  \rmv  Mniiral  Kwh*  hit  It 

m<l  I)rvfl«|tti)fnl  i  oinmaiul,  uf  t In*  Surpcun  ( ••■nera! ;  No 

UA-IH>IU;{.M  ){.  I’.  I.ui/,  1  nv  i— fn-alnr.  Cnn- 

tnlmtion  No.  *J77  nf  t !*••  \rinv  Hftrarrli  l’r<>irnttii  «»n  Malaria.  i<-)  |‘rr 
sentetl  in  |tarl  at  t!-«-  Snulli*-*!  \m<>ririin  <’lirnnrnl  S*«»etv 

HicLihuihJ,  \  a  ,  Nt*\  I *  M-urai*  ,’VV  n|i  Antitiial'ml  li*«t  wen* 

9(i|>|i1i*''|  1 1  \  l  |,r  U  a'tef  Heed  Aiin\  I  *i-  *  il  it(r*  «»(  |{<'«r>ir<li. 

(2)  al  1C •--**  *r«‘>  \ . 

(.11  ftU  II  M  I'.:.  i.n.l  \  I'.'ir-ri  /.  \f.>l  t  I ,  »n  H.  Jt\;  I'U.H,;  <hl 
A.  R.  Patel.  J.  ( Miriiti.i«  i«t ,  I*  I'  <  !*»>•■  r  I,  A.  I!.  Ciovln  tind  |{  I..  I  ul*. 
tf-tJ.,  1«,  IW  <tlO  I  >  nj  I »  U  .  lt<-\ km.  \.  II.  Pal  i*l.  an-l  II  I- I'll?,  »»■*'/..  11, 
U7.1  ItMfiH). 

(4)  l\.  A.  NirthtT.  1 1  it  .  m  |,r»,i'ttf:iin*i». 

(51  T.  S.  n*.I.  ne.  !’•  II.  Hhsh.II,  and  I..  liana,  J  \t..l  Chm  10.  411 

,  1*40*1. 

0»  W.  K.  Korin*  and  l*  P.  **•#*/. .  11,  '!M»  »I'4**H). 

(7)  A.  9.  I»at  and  M.  M.  I-.mIy.  /.  //./•  t'h*m  .  S.  Ml  1'ior.). 


and  CO;  carboxylation  of  the  4-Li  derivative  gave  cin- 
choninic  acids  7a-7d.  Addition  of  2-PyrI.i  gave  the 
pvridyl  ketones  9a  9d,  but  only  9a. b  were  obtained  in 
good  yields;  9d  was  best  obtained  through  the  ester 
8d.  Reduct  ions  with  H./I’t  gave  good  yields  of  1  and 
2,  but  mediocre  yields  of  3  and  4. 


0 


5a— Se 


POBr, 


QCOOMe 

8d 


QCOOH 
7a-7d 

jpyrLi  t — 6<  > 

QCOPy  1-4 
9a-9d 


Q  =  substituted  4-quinolvl;  Pyr  =  2-pyridyl;  a,  R  =  8-CFi; 
b,  It  =  8-CKj-G-OjM e ;  c  It  =  7-CF,;  d,  R  =  6-CF,;  e,  R  = 
VOF, 


Tlie  4-quinolones  5a  5e  were  obtained  by  PPA  con¬ 
densation  of  the  appropriate  trifluoromethylauiline 
(10)  and  ethyl  4.4,4-trifluoroacetoacetate  in  adaptation 
of  previously  described  procedures.3*-7  However,  3-tri- 
fluoromethylaniline  gave  a  mixture  of  2,7-  and  2,5-bis- 
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(trifluoromethyl)quinoloncs,  5c  and  5e;  this  was  best 
converted  directly  to  a  mixture  of  the  4-hromo  deriv¬ 
atives,  at  which  point  it  was  separated  into  6c  and  Ce. 

The  addition  of  2-PyrLi  to  2,tl-bis(trifluoroinethyl)- 
choninic  acid  (7d)  gave,  besides  27%  of  the  pvridyl 
ketone  9d,  a  G%  yield  of  a  second  product  to  which  the 
structure  11  is  assigned  on  the  basis  of  anal,  and  ir,  nmr, 
and  mass  spectra.  The  latter  indicated  formation  of 
a  fragment  of  relative  intensity  100  corresponding  to 
loss  of  Hu.  and  another  of  32  corresponding  to  loss  of 
Pyr. 

The  formation  of  11  is  reasonably  interpreted  in 
terms  of  reversible  Michael  addition  of  2-Pyrl.i  to  the 
I.i  carboxyl, ate  of  7d  to  give  diauion  12.  subsequent  loss 
of  Cl  >:  giving  the  new  dianion  13.  followed  by  ('-alkyl¬ 
ation  by  HtiHr  present  in  the  reagent  to  give  the  mono- 
anion  ui  11.  It  may  be  significant  that  in  the  PyrLi 
reaction  with  ester  8d,  11  was  not  detected  a«  a  product; 
and  the  pvridyl  ketone  9d  was  obtained  in  a.V  ,  y  ield. 

In  utilizing  the  limited  amount  of  2,.’>-bi.s(ti ifluoro- 
inetliyl)-4-quinoloiie  (5e),  produced  iu  tin-  synthesis 


QvOJH 

7d 


Hu  O 
UK,  ^ 

-  'TDi 

9u  (2.  %)  nm'  \ 


KuHrtm  rra^rnl » 


Ofi  Pyr 

Co. 

^n^ck, 


N 


of  tin*  isomers  from  H-t  rifluoromet  by  lanilinc,  it  was 
feared  that  the  f’yrf.i  addition  might  lie  impeded  in 
steric  efTeets  of  the  .*>  substituent.  Consequently  this 
(|ttinolone  was  eon  verted  throuu.li  the  l-brnmoquinoline 
6c  to  the  I.i  derivative  which  was  added  successfully  to 
--pyridaldehyde.  giving  the  pyridyl  alcohol  14  (•'» ?",'■) 
after  tedious  chroinntngrnpliie  work-up.  ,!nfortn- 
nately,  Catalytic  hydrogenation  of  this  gave  the  tlihydro- 
quinoline  which  is  presumed  to  be  o-Ci-piperidy  I)- 
_','i-bis(t  rifluon.met  hyl)  -  1  .4-dihydro-4-qtiinoliiiemet!i- 
atiol-HCl  (115;  nnir;  4  H.  exchangeable  by  I )-()). 
Possibly  this  overreduct ion  was  facilitated  by  the 
appreciable  releast*  of  steric  strain  in  the  quinoline  4..V 
group  nonbonded  interaction  which,  conversely,  would 
in  some  decree  oppose  the  otherwise  facile  oxidation  of 
the  dihydroquiuolitic  to  the  quinoline. 

It  is  noteworthy  that  till  of  the  reductions,  of  the  four 
‘J-pvridvl  ketones  9a  9d  and  also  the  ‘J-pvndvImet  hanol 
14,  were  in  the  main  stereospecilie,  civinc  in  each  case 
:ts  the  isolated  pure  product  one  only  of  the  theoretically 
possible  diastereoisomers  (racemates).  It  is  hoped  that 
the  stereoisomer  of  1  will  be  isolated  in  the  large  scale 
synthesis  now  under  way.'  and  that  ir  and  nnir  study 
will  lead  to  configurational  and  conformational  assign¬ 
ments,  both  here  and.  by  analogy,  in  other  cases  where 
only  one  form  Inis  been  obtained. 
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l.\ pit-s-cd  as  innea-es  in  mean  survival  times,  in  (lavs,  and 
"  niiinlrcrs  of  cures  |C  =  euresj,  in  .%  mice.  A  euinpd  is  con¬ 
sidered  to  tie  active  if  the  mean  survival  time  of  the  treated 
group  is  more  than  double  that  of  the  control  group  (7.0  i  ().:> 
days);  and  it  is  said  to  he  curative  when  the  animal  survives  np 
to  0  days.  r  Also  active  at  l 20  mg  kg  against  P .  gallinanum 
in  chicks.1'11  J  The  corresponding  2-pyridyl  ketone  was  inac¬ 
tive  at  040  mg/kg.  '  See  ref  Id  and  ref  5. 

I',  hcrfihci  in  mice  at  ltiO  nig,  kg  or  lower,  and  to  compare 
very  favorably  with  t he  IJ.O-ilisubstitutcd  O-phenan- 
tlirci u>  amino  alcohols.*  !''urthcnnorc,  the  photo¬ 
toxicities  of  these  compds  were  relatively  low.1'*-* 
1  be  most  active  of  those,  the  2,S-bis(t  rifluoromet  hyl) 
compel.  1,  which  was  curat ivout  '-*0  nig/kg,  has  now 
been  prepared  on  a  large  scale’  and  is  being  evaluated 
further  with  promising  results. 

The  one  dihydrotpiinnliuc  a-p2-piperklyl)met hanol 
(15)  with  2,o-bis(t  rifluoromet  hyl)  groups  obtained, 
proved  to  be  inactive  toward  J‘.  brn/lu'i  in  miee.1',!l 

Hecttusc  of  the  suspicion  formerly  held’-9  that  there 
might  be  a  relation  between  phototoxicity  and  uv 
absorpt ivities,  these  values  have  been  assembled  in 
Table  II. 

Taiii.i:  II 

Uv  AnsoiifTn  itils  ok  Amino  Alcohols  1-4  is  McOll 

Vv  al>s«»r|ttiviiie<t 
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Experimental  Results’0 

5-Mcthoxy-2-nitroben/.otritluori<le,  inp  .in  'A'J°  t lit .,* #  mp  H‘iJ), 
\\:t*  prepd  in  S'. I*  ,  yield  by  ivllti\in£  :i  >oln  of  .Vthloro-2-nilro- 
ImmizoI  riUuoiidr  iu  l\<  HI  .\ie<  Ml  mi!h  pi  hi  ).u 

5«Methoxy-2-aminobi,n/.otrif!uorulc  cl  Ob)  \\a«.  prepd  by 
liydrnKi'Halioii  t»r  tin*  mini  eompd  <  hi. 2a  j:.  0.1H5  nv*lr) 

will)  10',  l*d  '('  (0.1  .r>  j;)  in  20(1  ml  '»f  McOll  (5  In).  The  yield 
t*f  di*td  produrt  ivih  TV  2  n  IS’P  ,  ).  bp  97  9S°  pi  mm).  The 
livdi'M-bloiiih*  wji-s  nrivsltl  from  KtOM:  inp  229  2dl°  de»\ 
\o„f  KMI  .ni'.NOH’,  It,  N. 

<)uin<don«*s  5a  .V.  bromoijuinolines  cinchoninic  acids 

7a  7ri.  p> rid)  1  ketone*  9u  i)d.  and  2-pyperid>  l  methanols  1  4. 
and  15  wen*  prepd  b\  adapi at  ion-  ol  pirvioii-|\  de'-ml.r.l  pio- 
rediin*'  Spent  ir  inni'M  vai miur'  me  I  Med  m  'Table  III  and  m 

the  follow  ini'  p.iraui apb** 

t*0  K  H  \ i  kttt-nn  \  I  I'miii  k  13,  *i  i»  1 1 'iTn> .  mi'l  refs  ( 

I  |0)  'on  -|ir.  Hit  nnr  <d.i  auii"l  w  iich-  li’-.Mtr.l  for  »inn  lui.il 

•  ton  mi  l  r:i»o(out(l  in  »#|ltrf  I n»'  n» »  •* -I  tnur 

I  I ..  no  :i  -  ll.o on  .tiu*  fn»  n«|  -  ir  IVtkinl  Itn.-i  .PC  mu’,  Mtt.o  :,i 

I*  I  |{  ,'lt.  itt.is-.  -|.» ,  i  f..grj(,l,  1 1 1 1  :i  ■  It  i  ('  )  t(  M  t  (>l.  N| ..  i  ...umt  .  m-s 
> < . a u  ■* m*  t  f.nl’  I  n  ■  in-.'*  '  orr«  r  f  «« 1 1  bin  »  l>  •  ’ , 

1  I  ■  I  |l  . . I  1  W  So.  kin.’  ii  if  I  W  H  W  I..|I  .  .  ./  If.ru  X.r, 


tMl  !•  t  IlNioi  !,  >•  mjfl  Sidnl  t’rn|iii'-n.|i  ( 


ol  k  III  J •  r  L'**"' 


r  I’tl't: 


Taiilk  III 


2-Tlll  KU<  M«  KM  FT!  IV  F-4-yl  1  N<  il.l  N  K  1  >  K  HI  V  ATI  V 1  .s- 

R' 

Compd 

R 

R 

ir 

fQI 

VS* 

Mp.  •(' 

'  VipM 

Analysis1* 

5a* ' 

k-CK, 

Oil 

12  s  i:«  2 

*7  "* 

0„H,F,N(>» 

5b" 

6-OMc-S-OF, 

on 

172  174 

:>l 

C»H,F,N(). 

5c*-« 

7-CF, 

OH 

2S0  -200 

l 

c,.h,f,N(). 

od'-' 

6-CF, 

Oil 

279-2S3 

70 

C„!I,F,NO* 

5e‘> 

-.-OK, 

OH 

310-32 1  dec 

/ 

C,iH4F«NO« 

6a*' 

S-OF, 

Hr 

62-64 

05 

CiiH,BrF«X« 

6b*' 

6-O.Me-s-CF, 

Hr 

164-166 

01 

C„H,HrF,NO 

6c*' 

7-0  F, 

Hr 

106-1 OS 

67 - 

Ci,H,HrF.N« 

ej' 

6-CFj 

Hr 

73-75 

77 

C„H,BrF,N« 

6e'.» 

5-CF, 

Hr 

40-51 

IS™ 

C,iH,UrF,N'« 

7a* 

S-CF, 

coon 

22N-230.5 

SO 

C|,H;F«.\0.’ 

7b'* 

O-OMe-s-CF, 

coon 

246  24 S 

57 

C„H,FeNO, 

7c* 

7-CFj 

coon 

100  200.5 

00 

c„n  ,F,NO.« 

7d* 

6-CF, 

COO  11 

2 16-2 IS 

s7 

CuH.,F,NO,« 

Sd" 

6-CF, 

OOOMc 

150  131 .5 

100 

C„HjF»NO,« 

On*-' 

K-CF, 

COPyr 

1 2S- 129.5 

6! 

C„H,F.N:0 

Ob*' 

fv()Mc-S-CF, 

COPyr 

164-165 

00 

CulI|0F«N 

9c*-' 

7-CF, 

0Ol*yr 

124.5-125.5 

27 

C„H,F,.\,0. 

0d‘- 

6-CF, 

COPyr 

13S.5-140 

13",  55" 

CnII.F.NV)* 

14'.. 

5-0  F, 

CllOllPyr 

107-100 

37 

OuH.oFiNjO 

1' 

K-CF, 

ClIOHPip-IICI 

250-260  dp • 

53 

C„H„ClF(NiO 

2* 

6-OMc-N-OF, 

OllOllHpIlOl 

20S-300  d;*c 

s6 

C,|H„ClF,NjO, 

3* 

7-CF, 

CHOHPipHCI 

244-245  di-r 

24 

C„JI„C1F,.\.0 

4' 

0-0  F, 

OIIOHPip-  HOI 

107-100  dec 

22 

C„ll„ClFtN,0 

1,4-Dihydroquiuolines 
l.V  5-CF, 

H,  OHOIlPip  HCI 

103  doc' 

27 

C„H„C1F,N,.0 

11* 

6-CF, 

Pvr,  Hu 

170- 171 

6 

C!.II11F6N, 

11 

»w 

Pip  -  piperid.vl. 

Remain  Milvcnt,  or  oilier 

purification  tui'lliods 

arc  iudicftlcd:  *  IMM. 

'  McCS.  'Kubliincd. 

•  Hexane.  *  (MI*.  °  ('nlunui  ehmmnlog.  K  1’hMe.  *  MeOH.  *  Mo-.CO.  *  Yield  of  crude  reaction  product  which  was  iwed  directly 

in  the  next  step.  1  Could  not  he  fully  sepd;  total  yield  of  mixt- after  crystn  from  KtOH,  70*  , .  m  Yield  of  pure  material  from  a  mixt  of 
5c  and  5e.  *  Yield  from  the  acid  7d.  11  Yield  from  the  ester  8d.  r  Anal,  wore  within  d  o.:'/',  for  C,  II,  N  or  «  for  C,  II.  r  nm  -27, 

242,  354  («“*  2.14, 6.0,  :i.l ). 


6">Methoxy-2,S*bis(trifiuoromethylM-quinolonc  (5b)  was  puri¬ 
fied  by  recrv.stn  from  CMU  rather  than  the  often  less  effective 
soln  in  base  and  pptn  by  acid.4-4 
2,5-  and  2t7-l{is(trilluoroinethyl  )-4-bromoquinulines  (6e,c.) 

A  mixture  of  2,5-  and  2.7-his(tiinuorniuethyD-4-quiuoloncs  (89.2 
g,  0.14  mole;  rccrvstd  from  KtOH),  and  1*0  Hr*  (57  g,  0  2  mole), 
was  stirred  at  140°  for  8  hr  and  poured  into  ice  11*0.  The 
product  was  extd  with  ClIC'l.  and  reerysld  from  KtOIl,  giving 
pure  6c  (80.17  g,  G8'<)*  nip  104-100°.  The  residue  obtd  upon 
evapn  of  the  KtOH  liquors  (15.18  g,  ),  was  chroma  topi  on  a 
5-cm  column  of  1  kg  of  Woelin  neutral  alumina  (activity  no.  1 ). 
Eluting  with  hexane  and  1,  2,  5.  and  10‘ ,  benzene -hexane  gave 
1.84  g  of  nddtd  Gc  (total  yield  67r,  ),  8.79  g  (IS1,  )  of  Ge,  mp  47- 
50°,  and  a  small  quantity  of  a  mixt  of  those. 

6-Me(hoxy-2,8-bisUritltioromethyl)ctnchoninir  Acid  (7b). 
The  requited  4-Li  derivative  was  prepd  l»v  aildn  <»f  the  very 
slightly  Kt*0-sol  4- Hr  deriv  6b  t < *  a  slight  excels  of  Hu  Li  in  atiliyd 
Kt*<>  and  stirring  for  2.5  hr.  Pouring  the  leartiou  mixt  onto  dry 
powdered  CO.  gave  7b  i57r,* tup  2 10  2 tSJ.  A  decrease  in  flu* 
prepn  time  of  the  l.i  eniupd  led  to  a  den-ease  in  the  yield  of  7b 
and  a  cone*,  ponding  mcicasc  in  reeoveied  Ob. 

Methyl  2,6-bisi iriMuoromethyl  cinchoninute  < Htl )  was  prepd  u» 
quant  \  aid  by  15-nnn  iilhiving  « »t  a  Met  l|  I  >olti « *f  <  i  ude  acid  i  hl»»i- 
ide  \\  li  M  h  had  been  pi  epd  bv  tin*  rent  I  iuii  of  7d  with  S<  Kb  1 2  lit  ). 
i»-(2-Pyrid)l  -2,6-  and  -2.7-his<trit1iioromethyl  -t-quinolyl  ke¬ 


tones  (9c, d)  were  isolated  by  column  chvomatog  (Klorisil. 
(•IK'has  eluent)  and  reerysld  from  KtOH.  Conen  of  reervstn 
liquors  from  9d  yielded  11  <(>'  ),  pale  yellow  ;  ir  (KDr)  8175 
cm'1  (Ml);  ntn’r  (Cl  ><8,-1 >MSO-r/«):  6  9.1)0  <>,  J,  Ml),  S.fll) 
(m,  1),  7.61  (in,  1),  7.12  (m,  5),  5.00  (s,  !,  H-8),  2.2  (m,  2\  0.05 
(m,  7);  mass  spec  (70  eV)  m  t  (rel  intensity)  400  (2),  8  s]  (5), 
848  (100),  822  (82),  808  (4),  278  (16),  7-S  (20).  * 

a-(2-Pyridyl)-2,5-bis(tn(hioromcthyh-4-quinotincmcthanul 
(14).  A  soln  of  6.4  g  (0.06  mole)  of  2-p\  ridaldchydc  in  40  ml  * »f 
anhyd  Ki*0  was  added  drop  wisp  at  —70°  under  N*  to  a  stint'd 
Kt-O  soln  (150  ml)  of  2,5-V)is(iriHuorome\hy  1)- l-ipiinoly Uitbimn 
[from  7.08  g  (0.028  mole)  of  6e  and  17.2  g  (0.05  mole)  of  22 1  r 
Hu  Li  in  hexane  soln),  with  stirring  for  an  mldul  2  hr.  After 
hydrolysis  the  Kt..O  layer  was  evapd  to  dryness,  and  the  residue 
was  chnunalogil  on  400  g  of  Klorisil  (( \.l  I  *  as  eluent  >.  The 
crude  oil  obtd  was  recryst  from  hexane,  8.61  g  of  14  (tan',  mp 
95  108°.  Sublimation  at  70°  1 0.0.5  mm)  returned  8.19  g  (87‘,  ), 
mp  102  105° 

The  Bis' (rifliiorofnelh.il  >-f**(2-piperidyl  -4-quinolincincthanoL 
(14)  and  the  5-TriMuoromelhyl-l ,4-dihydro  Derivative  '15>. 
The  catalytic  hy drngeiiaf  inti*  of  9a  9d  and  <r|  uric  rained 
out  by  published  piorcdurc  in  KtOll  with  I'll)..  ‘  Abel  hlua- 
tion  through  (’ehie.  t lit*  KtOH  i\:i'  vacuoin  evapd  < 'i  ode  8 
a»ul  4  were  initially  pm  died  by  till  mat  urn  of  ihe  revalue  wiib 
I'd  t '  and  til; i at  ton. 
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An I intalarials.  a-Dihutylaminoniethyl-  and 

«-(:!•  1ks|>eri<lyl)-3-qiiinuliiu‘im*lliaiiols1 

Journal  oi  Medicuul  Chemistry,  14.  IV 

CvKL'S  J.  OiiNM.U’HT,  Jh.,-*  FREDDY  DAVIS,’"  AND  ltoUKRT  E.  l.WTJ* 
Department  of  Chtmi»trii,  Univrrsity  of  Virginia,  Chnriottmvillr,  Virginia  SSH01 
Itccrivol  June  2a,  t'J'O 


Right  aiii:ilkyl:ii»mo!iu‘(livl-.')-(|iiiiioliin'iiielliaiiols  without  '2  substituents  were  synthesized  from  4-qumolonc- 
3-carboxylii'  esters.  Iiv  conversions  into  the  4-ehloro  esters  and  reductive  4-deehlm  hurt  ions,  and  thence  through  the 
acids,  diazomethvl  ketones,  and  epoxides.  Attempts  to  prepare  o-CJ-piperidvl)  analogs  involved  complications 
due  to  nuclear  additions  of  --pyridyllilhimn  and  nonselect ivitv  in  hydrogenations  of  the  pyridyl  ketones.  One 
example,  a-<--piperidvl)-l>,S-(limethvl-d-quinoliuemethanol,  fortuitously,  was  produced  by  1‘t-IIi  on  4-chloro- 
0,S-dimethyl-15-(|uinolyl  2-pvridyl  ketone  (a  diasteroisomerie.  mixture).  These  3-utnino  alcohols  were  inactive 
against  Vlastnodium  bvrghei  in  mice. 


In  coiifinuation  of  the  search  for  improved  antima- 
larials,  eight  new  a-aminoalkyl-3-quinolinomethunols 
without  2  substitutents,"'  13,  have  been  syttl husized 
under  the  program  of  moving  the  amino  alcohol  group 
away  from  the  4  location  in  (ptinine  and  its  many  syn¬ 
thetic  analogs.  The  hope  was  to  find  active  drugs  with 
a  minimum  of  the  phototoxicity  so  common  to  the 
2-aryl-4-atnino  alcohols.  As  features  of  possible  signifi¬ 
cance,  these  compounds  hick  the  quasioonjugation  of 
the  antino  alcohol  group  with  the  quinoline  nuclear 
C— N— C  system  which  is  involved  in  the  4-quinoline 
amino  alcohol  series,  and  they  have  two  rather  than 
three  nuclear  carbons  intervening  between  the  quinoline 
N  and  tiie  amino  alcohol  group. 


obtainable  by  condensation  of  the  appropriate  aniline 
with  ethoxy  met  hylenemalonate  ester.1  Six  4-cliloro 
esters  5a  f  were  made  from  these  by  the  action  of  POCI3. 

Reductive  l-dechlorinations  of  5  to  6  were  accom¬ 
plished  by  variations  of  previously  reported  hydro- 
genolyses,  using  Pd-C*  or  Raney  Xi5  as  catalyst.  In 
four  cases,  5a,  c,  d,  andf,  the  dechlorinations  proceeded 
well  using  10%  Pd-C  in  glacial  AcOH  at  50*.  How¬ 
ever,  5e  under  these  conditions  gave  low  and  nonrepro- 
duciblc  yields  of  6e  along  with  an  overreduction  prod¬ 
uct,  the  1,4-dihydroquinoline  7e;  and  when  the  Pd-C 
reduction  was  carried  out  in  ethanolic  KOll  at  50°  the 
dihydroquinoline  7e  became  the  chief  product  (01%). 
This  dihydro  compound  7e  in  a  second  step  underwent 


The  starting  materials  for  these  synthesis  were  the 
4-quinolone-3-carboxylic  esters  4a  g  which  were  easily 


•  To  whom  rnw*«|M>nilt»nrr  In*  n«Mrrs<r*f 

(l)  fiO  S>ippori**'i  l*y  f.  S.  \rmy  M«*tli«**il  l{r*<-:ir<*|i  an<i  n«*vclopim*nt 
1’mnmin.l,  (.‘uni  root  No,  I  . 1»)  ( 'ontnloit  ton  No  s to 

lh«»  Army  Ur.irarcli  MhIk-iiI  i*roitt;im  *■«  Malaria.  |{  l;.  Lot*.  KospunMl'ic  In- 
Tmiiirttur.  («••  Work  report  «*•!  :it  tin*  emit |{t*<;iott.il  Aiwrimn  ( ’lirmiral 
Society  Mwimit,  Mirhmoti  I.  \a.,  \«o  1  **•»•.».  :»<-ir:ict  J  ».».  •  <i >  An 

4^til  an<l  paruHi-1  program  «*(  <\till,rn  of  m\  «cii:ilk\ laimuoittftliyl  J-fj*. 

I  l>een  rumpo-ir.!  < « r>* If r  f*«>nirart  N« 
DAl>A.l7-iV7-C*-7n.V(  it  ii  Molts, into  Hinpim  *1  r ", .r j »  ,  !'.•»%? ,>rt.  M;n-,  1*.  1' 

I  hiimvi  n  *  n«l  W  l(.  Stiiilh.  "S  \  Ml  fu-n  •  t  Juno*  ,iM*-;io'l  I  ■:!  vi*  *1  A  nM  tn.*!itn:»l 
Hnins  Kt-putt.  Mu>  \iiiiu  i!  I'nutri-**  l(i-|«>ri.  I  fit  1  .  for 

roin|'iiri.iiiii.  ami  with  pirtuoM  -u  oi  U  |{  \  ll(  .iml  t !.«•  Mnii  .triio  ];«*»•■:»»*•  It 
(  Jhf  filimmHtk  olniHarr  j n  TaM**  VII.  vx| ■«-! i*i*i-i*t t*l  -IftaiU  art* 

lo  It  futirvl  m  t  It  rrport*  rn«*«l. 

c2)  la)  IVm -It* ioi.il  tU-M uroli  \**i*iant:  il»i  M.  S.  TItm-.,  Initnutt  ».f 
Virginia,  ««'f  tm-liintnary  work  low.ml  'tailing  nrtt.riaU  was  <|onr 

I  Ity  I).  I*.  <*l»rt«»r<l  nn«l  \,  II.  I’aiel,  I'o-Morior:il  |(i«rarHi 


S  dehydrogenation  in  good  yield  to  the  desired  3-carb- 
ethoxyquinoline  6e. 

Attempted  Pd-C  and  Raney  Xi  4-monodohalugena- 
t ion  of  the  4,C>,.X-t richloru  derivative  5b  was  unsuccess¬ 
ful.  However.  XalUl*  reduction  of  5b  in  cold  ■J-mo- 
thoxvetliunol  gave  the  dihydro-4-dohalogoltated  ester  7b 
(30%)  along  with  4,(i,S-trichloro-3-quiiiolinemcthanol 
qSb),  a -result  n, insistent  with  published  observations.* 11 

i  l)  (a)  <\  (*.  I*rirf  ami  U.  M.  UolicrN.  J.  Iw»r.  Chrm.  Nor  ,  68,  1201 
il'.Hfp),  (M  -I.  il  Wilkinson.  J.  ("him.  S»c.,  1  «'■  I  iltt.Vli.  (r>  |t  ltn*gH,  rl 
ni  ,  J .  Jmir  ('firm.  AW.,  M,  12til  <1 

1 1>  <*  II  an«l  "  •  M.  <  'link.  J .  thg.  <‘Ki  m  18,  .»*»(  I'.'Yt) 

*r»)  ta)  ll  I..  I.iitr.  <1.  NOJniru,  an. I  If.  .1.  Kowli-il,  Jr..  ./.  A»*i*r, 

Sue..  68,  ,  fin  V  S.  I»ux  an-l  M  M  loul,,'../.  //»(,  r  .(*>,,  m  , 

8,  111  t  It'll  t'.  tv\  lv.  N.  raihplH‘11.  ,t  >tl.,  J  {h,f.  C,f,t n  .  It,  KM  . 

(ft»  (a)  r;  V.  Uniki-r  nt»l  M.  V  Uwh,  -  '■!./  .  25.  IS  I  tlto.n,;  (1,»  .M  S. 
Iltow  n  ami  11 .  Ifaimport .  >'  ni 28.  |  , : 


il 
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Subsequent  S  dehydrogenation  iif  7I>  save  tin*  desired 
quinoline  6b  C.ii"  , ). 

Interestingly,  Nnllll*  in  2-met bowel !euu>l  did  not 
delusIugeeaU  fi.S-duuef  Iiyl-  l-t  hloru-5-carbet hoxyquin- 
olinc  but  instead  brought  abe..  ;v  duet  ion  of  the  3-carb- 
cthoxy  group  to  the  methanol  Sc  (5.T. ,' ). 

a-Ui-a-hutylainiuoinelliyl-.i-quinolinenictlianols. — 
Seven  of  these,  lb  e,  g,  and  2b.  e,  were  prepared  by  ad¬ 
aptations  ol  the  standard  scheme.'  The  3-earbet  lioxv- 
4-quinolones  and  quinolines  4b-e,g  and  6b,d,e  were  con¬ 
verted  into  the  acids  9b-e.g  and  llb.d.e  and  then  by 
SOCb  into  the  acid  chlorides  lOb-e.g  and  12b, d,e. 
DM11'  was  required  as  catalyst  in  the  latter  reaction  with 
the  quinolones.  Diazomethylations  of  the  acid  chlo¬ 
rides  followed  bv  hydrobromination  without  isolation  of 
the  diazoketones  gave  the  bromo  ketones  13  and  13'. 
These  were  converted  into  the  epoxides  14  and  14'  by 
NaBII4  reduction  and  dehydroludogenation  of  the  re¬ 
sulting  bromohvdrins  by  accompanying  or  subse¬ 
quently  added  base.  Condensation  of  the  epoxides 
with  n-Bu2NH  gave  the  target  amino  alcohols  lb-e,  g 
and  2b,  e. 


6b,  cl,  e 
|  OH 


COOH 


O 


COOH 


'N 

Ub,  d. 


9b- e,  g 

son, 

DMF 


14(1-01)  M'(-t— H ! 


a-(2-Piperid)l)-3-quinolincmetIianols  (3). — The 
Boykin  procedure  for  the  preparation  of  «-(2-pyridyl)- 
3-quinolyl  ketones  from  3-qninolineearboxvlic  acids,  by 
addition  of  2-pyridyllilhiuni  followed  by  selective 
catalytic  reduction  of  the  pyridyl  ring,8  was  not  gen¬ 
erally  successful.  Two  of  the  acids  without  a  substit- 
utent  in  the  -1  position,  lid  and  lie,  gave  only  low 
yields  of  the  desired  2-pyridvl  ketones  15d  and  e. 

The  addition  of  2-pyridvIlithium  to  3-carboxvlic 
esters  was  therefore  investigated  with  interesting  re¬ 
sults  of  limited  Usefulness.  To  a  significant  extent  addi¬ 
tion  occurred  at  the  earbethoxy  group  of  the  (>,S-di- 
incthyl,  S-plienyl,  and  6-melhnxy  esters  6c,  d,  f,  giving 
2-pyndyl  ketones  15c.  d.  f.  (b">.  60,  and  respec¬ 

tively).  On  the  ot  her  hand,  the  react  ions  with  the  par¬ 
ent  ester  and  the  ti.S-dichioro  and  S-trilluoronietliyl 
analogs,  6a.  b,  c.  ga\e  the  l-i 2-|>yi idyl)-!, 4-dihvdro-.;- 


earbethoxyipiinolines  17a,  b,  c  in  yields  of  0.7,  IS.  and 
2()'  (' .  respectively.  The  structures  17  were  assigned  on 
the  basis  of  elemental  analyses,  ir  and  nmr  spectra,  and 
S  dehydrogenation  of  two  of  i  hem  1 17b. e)  to  the  4-pyri- 
dyl-3-ca:bi  ;!..:::yqi:in»!.;i<  18b. c.  The  nmr  spectre,  of 

the  latter,  18b,  e,  showed  characteristic  quinoline  H-2 


protons  as  sharp  singlets  at  5  9.5S  and  9.46,  respec¬ 
tively,  which  were  assignable  as  such  oil  the  basis  of  the 
known  chemical  shifts  of  5  9.36  ±  0.02  for  the  11-2  pro¬ 
tons  of  4-phenyl-3-carbcthoxyquinolines9  and  the  dis¬ 
tinctively  upheld  chemical  shifts  for  the  H-4  protons  of 
2-substituted  quinolines.10  Only  in  the  reaction  of  6e 
was  a  second  product  isolated  (1 1%),  which  appears  to 
be  the  result  of  addition  of  pyridyllithium  to  the  quino¬ 
line  nucleus,  and  to  which  the  structure  20,  «-bis(2-pyri- 
dvl)-2-(2-py  ridvl)-l,  2-dihydro-  S-trifhioromethyl-3-quin- 
olincmethanol,  is  tentatively  assigned  on  the  basis  of 
elemental  analysis,  ir,  nmr,  and  mass  spectra,  and  8  de¬ 
hydrogenation  to  21  where  the  nmr  spectrum  revealed  a 
quinoline  11-4  proton  at  5  7.59  (see  Experimental  Sec¬ 
tion  for  comparison  with  nmr  of  3c)  and  no  11-2  proton. 
In  the  above  and  presumably  reversible  Michael  type 
addition  of  pyridyllithium  to  the  crossconjugated  sys¬ 
tem  of  6  a!  the  highly  *  *  (-4,  the  expected  or  necessary 
adduct  anion  17A  would  be  considerably  stablued  by 
resonance  involving  the  ester  CO  and  would  resist  fur¬ 
ther  attack  at  the  ester  function.  On  the  other  hand  ad- 


(7)  It  I:  l.iit.rl  'll  J  I  n,  .N.,  6B.  l-l  I  !  fill. 

l»t  rJi  l>  W  Jr  \  It  l'„irl  I:  I  l.i.ir.  an,)  Ilnrui-r.  J 

Hrtt*ofijrl .  (  /■(«.,  4,  l  i:  tl»i  I*  \\  |lm  kin,  Jr..  \.  R.  I'atrl,  and 

II  I .  Lull,  J  M *•/  (’•  i  «!,,  It,  JM  tl'Ki.N  . 


(V)  N.  IV  tl(*in<lrl,  P.  D.  Kcnnwell,  and  C.  J.  Olmmaelit,  J.  Ury.  x'nrm. 
Si,  I1C8  (19091. 

(10)  Japan  rimr-m  Optirn  r^olioratorv  (’«>.  I.fd.,  "JOPL  MicV  Itr«t<iu 
(ion  NMR  S|»vci«a,'*  Rrncaft  li  l.-ql-uratoiir*.  Inc..  Plii!aiic!plnu 

Pa.,  19'.;. 
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Gc 

l>,S-Mei 

15c  115) 

9 . 50 

8.42 

f 

0-UCII, 

15f  (00) 

9.38 

8.73 

b 

6,8-Cl. 

16b  (IS) 

9.51 

8.74 

c 

s-ciq 

16e  (20),  20  (11) 

9. Cl 

8.. 89 

a 

it 

16a  (0.8) 

9.55 

8.90 

d 

S-Ph 

I5d  tOli) 

9.55 

8.90 

yields  of  products  are  compared  with  the  H-2  and  1 1-4 
mnr  chemical  shifts  which  arc  a  measure  of  substituent 
electronic  effects  on  the  two  possible  sites  of  initial  nu¬ 
clear  attack.  The  seemingly  anomolous  behavior  of 
the  S-l'h  analog  6d  in  respect  to  prediction  based  solely 
on  its  1 1-4  mnr  chemical  shift  might  be  explained  in 
terms  of  steric  hindrance  at  the  quinoline  X  toward  co¬ 
ordination  with  2-pyridyllithium.13 

Unfortunately  attempts  to  hydrogenate  selectively 
the  2-pyridyl  nucleus  of  either  pyridyl  ketones  15c,  t?  f 
or  a-(2-pyridy])-N-phcnvl-:>-quino)inemethanol  (ob- 
tr.incd  through  XaBII4  reduction  of  15d)  yielded  dark 
mixtures  which  were  shown  by  tic  to  be  multicompo¬ 
nent.  These  results  are  in  contrast  to  the  usually  suc¬ 
cessful  reductions  of  the  pyridyl  rings  of  the  2-aryl 
types'1  where  the  2  substitutem  appears  to  permit  these 
selective  reductions,  probably  by  sterically  decreasing 
the  facility  of  reduction  of  the  X-containing  ring  of  the 
quinoline  nucleus. 

The  successful  and  fortuitious  synthesis  of  one  exam¬ 
ple  of  the  desired  c«-(2-piperidyl)-0,S-dimethyl-3-quino- 
linemethanol  (3c),  stemmed  from  the  work  described 
below  which  was  designed  to  obtain  target  analogs  carry¬ 
ing  Cl  or  some  other  heteroelemental  group  at  position 
4.  This  synthesis  proceeded  through  the  quinolonc 
ester  4c  and  the  4-chIoro-(2-pyridy])  ketone  22c.  This 
ketone  22c  was  unique  in  undergoing  selective  hydro¬ 
genation  of  the  pyridyl  nucleus  with  simultaneous  reduc¬ 
tive  4-dechlorination.  This  uniqueness  possibly  may 
be  due  to  a  combination  of  electronic  stabilization  by 
the  electron-repelling  Me  groups  and  a  steric  effect  of 
the  8-Me  not  unlike  that  of  a  2-arvl  group. 


4-CIQ«)OEt  4-CiqCOCI 

5c(b,  d,  e)  10b 


ni)  V.  Hrrg  i..Vtti  un  l  W  ./.  /’r, ik(.  Chrm..  136,  207  UU32). 

(12)  K.  /■./'.  r  .tn<!  11.  —  r.  ./.*  (r.s  Cl„n..  485,  174  Uil.il). 

(1.0  fHi  \.  Iv.iiilt'unii.  I’  1  ).»n-!!tk>T  :i ti>I  H.  li'irkl  anlt,  Ihr ..  46, 

(101  i);  (Id  ,1.  I!  \\  ..riitna.  V ,  T  fj.  Dar» ,  .Tr  ,  1).  .J.  1!  m.Ihojs,  M.  A.  Mr. 

I’onald  And  Ji.  I..  i'tur.oh.  J.  H,  t,  rue  pel.  C  hem.,  6,  2I.»  il'ifiy). 


'I'lte  target  amino  alcohol  3c  was  shown  actually  to  be 
a  mixture  of  dillicultlv  separable  diasterconicrs.  This 
fact  had  not  been  revealed  by  tie  and  became  evidet;: 
from  the  mnr  spectrum  of  ati.-dytical  samples  whicii 
showed  a  ptii r  of  rarhinnl  a-proton  doublets  of  5  -l  ',•) 
( J  =  S  Hz)  and  4. So  (,/  =  5  Hz)  in  tin  integration  ratio 
of  .59:  -11  with  total  integration  for  one  H*.  Work  on 
this  problem  lias  not  been  undertaken  because  of  the 
lack  of  .significant  antimalarial  activity  of  the  mixture 
and  low  priority  in  the  malaria  program. 

The  4-chloro-3-carbethoxyquinolines  5c,  d,  and  e  re¬ 
acted  with  2-pyridyllithium  giving  the  desired  4-chIoro- 
3-quinolyl  2-pyridyl  ketones  22c,  d,  and  e  in  03,  27,  and 
03%  yields,  respectively.  The  0,8-dichloro  analog  5b, 
however,  gave  the  2-pyridyl-a-di-(2-pvridyl)carbinol 
23b  (43%;  shown  by  ir  (X  1700  cm'1)  to  contain  a  small 
amount  of  an  unisolated  pyridyl  ketone).  The  corre¬ 
sponding  acid  chloride  10b  gave  onlv  the  carbino!  23b  in 
34%  yield. 

Approaches  fo  the  Synthesis  of  1-Methoxy-  and 
4  -  Diethylamino  -  3  -  quinoline  -  a  -  aminomethanols. — 4- 

Methoxy-3-quinolinecarboxylate  esters  24b-e  were 
easily  prepared  by  the  action  of  XaOMe  on  the  4- 
chloro  esters  5b-e.  A  representative  of  these,  24b, 
reacted  with  2-pyridyllithium  but  gave  a  tripyridyl 
derivative,  2,4-di-(2-pyridvl)-3-quinolyl  2-pyridyl  ke¬ 
tone  (25, 44%)  which  evidently  was  contaminated  with  a 
small  amount  of  unidentified  material  of  molecular 
weight  440  (mass  spectrum).  The  structure  of  25  was 
established  by  elemental  analysis  and  by  ir,  mass,  and 
nmr  spe  'tra.  It  is  of  interest  to  compare  the  above  re¬ 
action  with  that  of  PhCHAIgBr  at  the  4  position  of 
2-methoxyquinoline  (which  did  not  at  the  same  time  dis¬ 
place  the  2-3 feO  group), !4  and  to  contrast  it  to  the  dis¬ 
placement  of  the  EtO  group  of  2-ethoxyquinoline  bv 
BuLi.15 

Q(.'OOEt(4-CI> 

5b~e 


Displacement,  of  t lie  4-C1  of  the  S-l’h  ester  5d  bv 
NET*  gave  the  4-diet iiv lamino  ester  26  whicii  t  hen  upon 
reaction  with  2  equiv  of  2-pyridyllithium  gave  the  di- 
pyridyl  carbinol  27. 

S-Trifluoromcthyl-4-chloro-3-qutnolvl  2-pyridyl  ke¬ 
tone  (22e)  reacted  with  Et«XH  ttnd  with  XaOMe  to  give 
the  corresponding  4-diet hylamino  and  4-methoxy  deriv¬ 
atives  28  and  29.  However,  the  desired  «-piporidyl- 
niethanol.s  were  not  obtained  from  these  by  cattily  tic  re¬ 
duction.  One  attempt  to  prepare  a  4-p-chloroauilino 
derivative  from  the  pyridyl  ketone  22e  by  reaction  with 
p-chloroanilinc  and  acidic  work-tip,  involved  hydroly  sis 
of  the  4-C1  and  g:ive  the  l-qninolono  ketoanil  30  the 
structure  of  which  is  supported  by  analysis  and  nmr  and 
ir  spectra. 

(14)  I(.  C.  l'u*on,  II.  J..  Jolinitoii,  And  K.  <Jrci*)iAt>er,  J.  Otq.  OVtem.,  16, 
152»  ( 

(15)  II.  Gilman  And  J.  A.  Heel,  J.  .tmer.  Chem.  Soc.,  73,  774,  32  U9M). 
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Becuuse  of  unpromising;  pharuocoiugical  tests  on  the 
compounds  1,  2,  and  3,  work  on  this  series  and  on  the 
several  interesting  unanswered  chemical  questions 
raised,  has  been  suspended. 

Biological  Activity. — Antimalarial  testson  compounds 
1-3  were  carried  out  on  mice  infected  with  Plasmodium 
berghei  according  to  the  method  of  Rune,  et  al.16  De¬ 
fining  a  drug  as  active  when  the  mean  survival  time 
(MST)  of  the  treated  group  is  more  than  double  that  of 
controls  (7.0  ±  0.5  days),  and  “curative”  upon  survival 
up  to  00  days,  1-3  exhibited  no  antimalarial  activity  at 
the  highest  recorded  dose  level.  The  increases  in  sur¬ 
vival  times  at  W0  mg/kg  in  fractions  of  a  day  were: 
lb,  0.3;  lc,  0.1  (at  320  mg/kg) ;  Id,  0.4;  le,  0.4;  lg,  0.5; 
2b,  0.5;  2c,  0.3;  and  3c,  1.0. 

In  contrast  to  the  above,  six  a-dialkylaminomethyl-2- 
p-chlorophenyl-3-quinolincmcthanols  (31-32)  synthe¬ 
sized  by  Donovan  and  Smith  ld  possessed  low  antima¬ 
larial  activities.  The  most  active  of  these  was  32b  which 
at  640  mg/kg  increased  the  mean  survival  time  0.4 
days.16  This  compound  was  phototoxic  as  determined 
by  the  method  of  Rothe  and  Jacobus;  the  minimum  ef¬ 
fective  phototoxic  dose  was  below  200  mg/kg  in  mice  ad¬ 
ministered  ip.17  As  a  point  of  interest  in  this  series,  the 
3-amino  alcohol  group  must  stericallv  interfere  with  the 
coplanarity  and  conjugation  of  the  2-aryl  group  with 
the  quinoline  nucleus,  a  conjugation  with  which  the  higli 
phototoxicities  in  the  2-aryl-4-quinoline  amino  alcohols 
might  possibly  be  associated. 

OH  OH 


06)  T.  3.  Osdene.  P.  ft.  Kn-  rtl.  arvl  I..  Kane.  J.  Mrd.  Chtm.,  10,  431 
(1067).  Test  'lata  were  supplied  by  the  \N  alter  Heed  Army  Institute  of 
Research,  Washington,  IJ.C. 

(17)  \\ .  E.  Kothe  and  O.  P.  Jacobus,  tbi d.,  II,  J60  (1008). 


Experimental  Section1’ 

3-Cnrl>olhovy-  anil  3-farhoxy-li  1 //j-quinolones  i  t  anil  0)  wen- 
pn-| Kill'll  iii'i'tuiliii,'  In  iml.il  iifil  pum-dmi-  lur  llu- 
S-l,ll."'  li-Mrll,'1  . !  7-1 i  Iilnpiiiiii.l'.  i'i,.D  a  a .  i_,  a  ! 

as  rvdizatiiiii  -ijiv-'iil  in  all  preparations  of  4. 

Uniiiulinceu; bn:., i  ('bloriik':.  >  10,  12;.  A.  4,ti,8-Tfie!*.! 
quinolinccarhonyl  Chloride  ( 1  (lb ).  -DM!'  (2  mil  was  adde.l  in  a 
stirred  rellii.Miig  aimiv  uf  i(i  a  fil.U.'is  mok)  of  till  and  .V,  ...1  .,f 
StK-'t-;  refluxing  was  I'miliimed  fur  1  hr.  Ex's-"  S'  Kfl,  wa-  «1  ir- 
tilled  at  aim  pressure  and  i In-  la.-i  t rant's  removed  by  tuili- 1  illa¬ 
tion  wiih  dry  C'ly.-lallizafioii  of  tin*  re-idne  from  pi-'  ether 

(Ii0-1  10°)  gave  9.s5  g  (s0' , )  of  the  velluw  acid  chloride  tub,  lop 
145-148% 

B. — 12b  and  e  were  prepared  as  above  but  without  DM1'  cata¬ 
lyst. 

or-Bromomelhyl-3-quinolyl  kelones  (13,  13')  were  prepared’ 
through  but  without  isolation  of  the  intermediate  diazomelhyl 
ketones. 

3-QuinoIy!elhylene  Oxides  (14,  14').  A.  4,6,8-Trichloro-3- 
quinolylethylene  Oxide  (lib). — To  a  stirred  slurry  of  O.'J  g  (0.02 
mole)  of  bromoethy!  4,fl,''-tni'hlovoi|iimolyI  ketone  ( 13b)  in  50  ml 
of  MeOlI  was  added  dropwisc,  over  1U  min,  a  soln  of  1.0  g  (0.020 
mole)  of  Nallll,,  3  ml  ol  A*  NaOH,  and  10  nil  of  ]|.(j.  The 
solid  dissolved  almost  immediately  and  after  20  min  a  ppt  formed. 
After  an  additional  1  hr  of  stirring  the  pale  yellow  product  was 
collected  and  oven-dried:  4.4g{82%);  nip  131-133°. 

B. — A  modification  of  the  above  procedure  was  necessary  for 
14'b  and  e. 

6,S-Diehloro-3-quinolylethylenc  Oxide  (14'b). — A  refluxing 
slurry  of  8.74  g  (0.0274  mole)  of  the  bromomethyl  ketone  13'b  in 
50  ml  of  MeOll  was  removed  from  the  heat  source  and  stirred 
while  a  soln  of  2.0  g  (0.053  mole)  of  NalHl.  in  10  nd  of  !!;0  was 
added  dropwisc  over  10  min.  Addition  of  a  ml  of  2  A'  NaOIl  to 
the  stirred,  clear  yellow  soln  caused  pptn  of  14'b:  4.84  g  (74%)i 
pale  yellow;  mp  112-115°. 

a-l)i-.i-butylaminomethyl-3-qiiinolinemelhanols  (1,  2).  a- Di- 
n-butylaminomethyl-4,6,8-trichloro-3-quinolinemethanol  ( lb). — 
A  stirred  soln  of  5.3  g  (0.010  mole)  of  14b  and  35  ml  of  n-Uu-NH 
was  heated  at  135°  for  IS  hr.  After  excess  reagent  was  removed 
by  vac  distillation  the  orange  residue  was  dissolved  in  dry  Et;0, 
and  1  was  fractionally  pptd  by  EtjO-IICl  (the  last  fractions 
tended  to  gum;  total  crude  yield;  0.28  g  (74%);  recrvstd  from 
EtOlI-Et-O,  4.20  g  (49%);  nip  178-180°  dec. 

3-Carbethoxy-4-chloroquinolines  (5)  were  prepared  by  the 
reaction  of  the  IJ-cai'bethoxyquiiniloncs  4a-g  with  POCI,  (3  moles, 
3  hr,  reflux);  5a  and  of”  had  previously  been  prepared  employing 
a  POClj-l’Clj  mixture. 

3-Carbclhoxy-8-trinuorotnethyl-l  ,4-dihydroquinoline  (7e ). — A 

mixture  of  4.0  g  (0.013  mole)  of  5e,  0.S4  g  (0.015  mole)  of  KOII, 
0.4  g  of  10%  Pd-C,  and  25  ml  of  alls  EtOl  1,  was  hydrogenated  al 
55°  for  2.5  hr  at  3.52  kg  'cm1.  Filtration  through  (.'elite,  con¬ 
centration,  and  filtering  gave  7c:  2.19  g  (01%);  nip  158-159°; 
nnir  ( CDCh )  3  7.17  (m,  4),  0.50  (m,  1),  4.25  (m,  2),  3.79  (s,  2), 
1.36(1,3). 

3-Carbethoxy-6,8-dichloro-l,4-dihydroquinoline  (7b).  -To  a 
stirred,  ice-cooled  soln  of  0.0  g  (0.10  mole)  of  NalHI,  in  125  ml  of 
2-methoxyethanol  was  added  porlionwise  19.1  g  (0.003  mule)  of 
5b.  The  first  addition  caused  temp  rise  to  00°  ami  liberation  of 
gas.  The  remainder  of  5b  was  then  added  over  1  hr.  The 
slurry  was  stirred  for  3  hr  ;md  the  resulting  ppt  (5b  and  7b)  was 
air-dried:  12.17  g  (orange);  mp  105-180°.  Uotreatment  of 
this  as  above  with  4  g  of  NaBIfi  in  125  ml  of  2-melho\yet tuiuol  fur 
3  hr  yielded  0.01  g  (39%)  of  7b  (orange):  mp  187.5-189.5°; 
anal,  sample  (KtOIIl,  mp  190°  dec;  unit  (D.MSO-ihl  5  8.01 
(m,  1),  7.19  (m,  3),  4.11  (q,  2),  3.07  (s,  2),  1.22  (t,  3).  The  mother 
liquors  poured  into  II-O  gave  O.SS  g  (oven-dried),  mp  130-100°. 
Extraction  with  refluxing  pet  etlter  (tip  00-110°)  removed  ttn- 
rcaeled  5b:  rccrystd  from  ElOH,  2.1  g  of  8b  (13%);  mp  193- 
198°. 

3-Carbelhoxyquinolines  (0).  Catalytic  Dchalogcitatiori.  3- 
Carbethoxy-H-phcnylquinoline  (Cd).  The  following  improved 

(18)  Instruments:  (n)  .Melting  points  were  obtained  on  a  Thotna*-l [■•ovit 
apparatus,  uncorrccted;  (h)  anal,  were  correct  dfcO.  I '  o ;  (5ailt»rim*i  I  .ah. 
Inc.,  and  Swartr.Knpf  Microanah  tical  l.ab;  id  sublimation  of  analvtical 
snmples  was  at  10—  ‘>0  ’  below  the  mp;  (tl)  .suti>d:l<*t«>ry  speotm  were  oblained, 
for  structural  determination  "Imre  required,  and  raudomlv  in  other  cut.', 
fe)  ir,  Rvrkin-l. liner  3.t7 :  if)  nmr,  Hitachi  l’-K  It  JO;  ig)  mass  *p*‘.u  rugraph , 
Hitachi  IM-,  UMl  til:. 

(19)  \V.  O.  Kerm.uk  and  X.  >'torcy, ./.  Chrm.  Sar.,  J3.Su  ()!».*»!  >. 
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Taule  II 

3-FuNfTIONALIZEI>-4-Ql:iNol.<;Nts 


Compd 

H 

R' 

Mp.  “C“ 

%  yield 

Composition* 

4b 

o,  s-ch 

COOEt 

305-308  dec* 

74 

C.sIIsCljNOj 

9b 

G,  S-CI, 

COOH 

300  dec* 

100 

C.oIIiCliNO, 

4c 

G,  8-Me, 

COOEt 

273-276  doc' 

G8 

C„H„NO, 

9c 

6,  8-Mcj 

COOII 

298-300  dec* 

100 

ChIIuNOj 

4e 

8-CF, 

COOEt 

209-213' 

S3 

CuIIiol'jNOj 

9e 

S-CF, 

COOH 

235  dec* 

83 

C„H,F,NO, 

30 

8-CFj 

C  (2-Py  )=N  PhCl 

199-200.. V 

92 

C-IIcClK.X.tV 

•  Dec,  mp  decomp.  Uecryst  from:  *  I)MF;  ‘EtOII.  J  Analytically  pure  from  reaction  mixture.  •  Analyzed  within  ±0.4%  for 
C,  H;  t  for  C,  II,  Cl,  N. 

Table  III 

3-Fl'NCTIONALlZED-4-CIILOUOQl?INOLlNKS 


Compd 

U 

R' 

Mp,  “C 

%  yield 

Composition' 

10b 

6,  8-Clj 

COC1 

145-147 

90“-* 

CioHjCl.NO 

10c 

G,  8-Ale. 

COCI 

103-105 

38“’* 

C„ll,Cl,NO 

lOd 

8-Ph 

COCI 

12:5-126.5 

90“> 

CnHsCljNO’" 

lOe 

8-CF, 

COCI 

94-95.5 

70”  ■* 

CnH.CljFsNO" 

10* 

7-C1 

COCI 

137-139 

38“-* 

CioHcCljNO 

13b 

6,  8-0, 

COCHjBr 

136-137.5 

87' 

CnHjBiChNO 

13c 

,,  8-Me, 

COCHjBr 

7G.5-78 

5S“ 

CM,  BrCINO 

13d 

8-Ph 

COCH.Br 

132-133  dec 

98“ 

CpHuBrClNO- 

13e 

8-CF, 

COCHjBr 

98-99 

79' 

(crude) 

13* 

7-C1 

COCHjBr 

104-106 

83“ 

C„HsBrCl,NO 

14b 

0,  8-CI, 

CH— CII, 

132.5-134 

82*‘ 

C„H,C1,N0 

\/ 

0 

14c 

6,  8-Mo, 

CH— CH, 

95-96 

91“ 

C„H|,ClNO' 

\/ 

O 

14d 

8-Ph 

CH— CH, 

140-141 

83' •* 

CnHisClNO’ 

\/ 

0 

14e 

8-CF, 

CH— CH, 

82-83 

52* 

Ci,H,ClF,NO*™ 

\/ 

0 

14* 

7-C1 

CH— CII, 

153.5-155 

83' 

C„H,Cl,NO 

\/ 

0 

lb 

6,  8-CI, 

CIIOIICH-NBii, 

181-182  dec 

74“ 

C„H,’.C1,N,0-11C1 

1c 

6,  8-Mo, 

CHOHCHjNBu, 

121-123  dee 

6G“ 

C,,H,|C1N,0HC1 

Id 

8-Ph 

CHOHCHjNBu, 

174  dee 

90“ 

C,jH„ClN,OHCl 

le 

8-CF, 

CHOHCHjNBu, 

172  dee 

56“ 

CmII«CIF,N,()HCI 

1* 

7-Ct 

ClIOIICHjNBtii 

1G8-170  dec 

75“ 

c„n»ci,N,oii('i 

5b 

6,  S-CI, 

COOEt 

109-110 

87' 

CirHcCliXO," 

5c 

G.  8-Mo, 

COOEt 

70-77.5 

97'* 

C„1I„CINO,» 

5d 

K-P)i 

COOEt 

131-132.5 

88' 

ChIIhCINO." 

5e 

8-CF, 

COOEt 

56  57 

61* 

C„H,CIF,NO," 

22c 

G,  S-.Mo, 

COPy 

118  dee 

63' 

C„H„ClNO, 

22d 

8-Ph 

COPv 

102  103 

27' 

CpHuCIN’jO 

22e 

S-CF, 

COPy 

155 

63' 

Cl«ll,('lF,N;() 

8b 

«,  S-CI. 

ci  i. 6  ii 

196- I9S 

13' 

C,»H,a,Nt)' 

8« 

G,  S-Mo. 

CIljOlI 

100-109 

53' 

C„H„CINO- 

Itecryntd  from: 

*  Pet  ether  ibp  00- 

110°);  * snl, limed;  *  EtOII; 

•'  crude,  Ett  >H  washed; 

•  McOlI 

;  'hexane;  *  KlOII-Kt.O.  * 

•ther  iii|i  .0  till*). 

1  C,  r.tl.,1  (ili  S|,  f, 

mud  G5.99.  1  C:  ralnl  72 

.47,  found  71.00.  *  C: 

rail’d  52. 

.67,  ft, mill  52.13.  *  Anal, '**' 

C,II,N  ;  -  for  C, II  only. 
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Tun  i  1 V 

1. 1-1  >i»mun»-4-ip  lNoi.iM.  ( \uiu  ni'»\ w.  \  rt  s 
M  K 


H 


It 

1. 

M  i».  °C 

• ;  vii'Ui 

7b 

ti.  sci. 

II 

10(»  dec" 

:;o 

7e 

vi'b 

II 

i:.si:.os 

61 

17a 

11 

_‘-l‘v 

loo  20 \a  f 

0.7 

17b 

*■>,  S-(  '!.■ 

J-I*y 

*221-22*2  dec  j 

IS 

17e‘ 

•H-CK, 

M’v 

175-176* 

20 

Uecrysta  solvent :  "KlOH.  &  hexane;  '  sublimed;  2-me  tin  ».\  vet  Hanoi.  '  Nmr  (ClH'lj)  b  S.50  id,  0,  7.3*2 
(m,  2),  M4U.il).  1  Anal.l*h  C\lI,N ;  »C:  euled  72.S3;  found  7;M7;  *  for  C\H  only.’ 


Composition*^ 

(Y-iiuri.xo. 

i-ijHisKsNO, 

CnUuNsO/ 

CrH^CIA'iO! 

(m,  SI,  ’,.40  (s,  1),  4.10 


Tamlk  V 

3-lY  NcrioN  \ uz k i>  Qu i no u n ks 


Compd 

u 

It' 

Gb 

0,  S-(  ’I. 

COOlM 

Gc 

(i.  S-Mci 

COOK! 

Gd 

S-IM, 

COOK' 

6e 

s-cn 

COOKt 

Gf 

(W)Me 

COOKt 

Ub 

0,  S-(  ’I. 

COOI I 

11(1 

S-l’l, 

coon 

lie 

S-CI’, 

coon 

12b 

ti,  s-l'l. 

COCI 

12e 

S-l’l’., 

COCI 

13'b 

ti,  S-CI. 

COClI-Jlr 

13V 

■s-ri’, 

coen.Hr 

14'b 

G,  S-('W 

C1I-CU: 

\/ 

o 

I4'c 

SCKj 

CM  -oil. 

\/ 

o 

2b 

(1,  S-CI. 

ciioifcn,VH„, 

2e 

S-CK, 

CIlOHClI.NIlii. 

15c 

0,  S-Mc. 

COl’y 

15d 

■S-1‘1, 

COl’y 

15c 

S-Cl’i 

COl’y 

15f 

G-O.Mc 

COl’y 

3 

(i,  S-Mc. 

cnoiirip 

lfid 

si'll 

ClIOIIl’v 

Kecrystd  from:  -pet  ether  ((10-100°),  *010-00°);  'KtOM; 

*  hexane;  *MeCN;  *  byi’msfnpir,  not  crysld;  'KtOH-KtsO;  * 
2-VyLi  cm  the  .‘{-carboxyiie  arid  (f .'Id,  32'7 ).  w  Ana).l%h  for  (\1I,X; 


M|1.  “0 

%  yield 

Composition"* 

131-133 

00“ 

CuHCl.NO, 

SO.', -SI 

51s 

CuHiiNOj” 

UW-107 

50 

Ci.HiiNOj* 

SK-S!».f> 

73“ 

C  ,1H,oF,NOI» 

S5-S7 

06k 

CiiHuNOj" 

300-301  die 

04^ 

c.oincijNO,- 

205-200 

70' 

CuHuNOs* 

203-200 

7  S' 

C„HsKiN0;n 

170-172 

02“./ 

CioH«Cl,N0 

01-05 

50/ ■« 

CnHjClF.NO" 

107  100  dec 

SO 

CuIltBidiNO 

112  113 

00' 

C,.H,HrV’,NO 

US. 5-120 

74' 

CuII7Cl.NO 

05- G7 

72' ■» 

CuHsF.NO 

05 -72  dec 

US’ 

CnII«CI,NsO-HCl 

00.5-02  dec 

50' 

C«H„F|N.O  HC1 

07.5-08 

27“’/ 

CuIIhN.O 

118  US. 5 

00'*-' 

C„lI„N.O" 

00-00 . 5 

5S'-‘ 

C,«H  ,1*  .N  ,0* 

120  131.5 

00' 

C,cH,,N,0. 

143-148 

15/3 

CnllaNsO 

137.5-138 

04' 

C„H„N.()» 

r  2-mot  box  vc  tlmiml;  •reaction  product  EtjO  washed;  /  sublimed; 
prepared  by  the  action  of  2-PyLi  on  the  3-earboxylute  ester;  1  hv 
n  for  C,j]  only. 


method  of  Ka-dow  and  ('lark  was  used  to  prepare  6a.1  A  sus¬ 
pension  of  4.0  t*  (0.613  mole)  of  r,tl  and  0.6  X  of  lt»M  pd  -r  in  *35 
ml  of  trlai  ial  ArOll  at  *.0°  was  hydrogenated  t  I  hr,  11.16  kn  ’em5). 
PilOatron  t  hi  mu'll  (  Vlile.  p.-iuim:  into  11.0  with  tinim*.  enllei  - 
lion  « »f  tie'  |»pt  b\  tdtniiosi.  and  ny-ln  It  >m  hexane  gave  1.02 
n  i  i' , ).  mp  t « h •  ; 1 1; 

Sulfur  l»eh>«lroifenation  of  a  l.M  bhvdroquinoline.  1- 
Carhetho\> •H,S>tlichloro(|U;noline  ■  6lc.  \n  i:i'inr"e  inixtnie  « *f 
1 1  .*.■  i'.  (O.oi  I  ntide  •  i»l  7b  and  i  p;  tr  tlMriT  tnoie )  .■)  S  in  u  \\  n«»d  s 
metal  hat  h  at  |*io  .  w  a- Heated  at  2. it)  for  mill  f'»»n  In-Wmi  IPS 
evolved  I.  <  o-ilin^.  i*\t I'ar  t tot,  with  5t)U  ml  of 

Jolt  pe«  et  hei  'ml  l  lit’  •,  !d*  i»i  u-u.,  rnm-eM  i  at  in*;  t « »  12. i  ltd,  e«»n|i nil, 
and  ii'i  :  \  -Hi  ..f  »l.e  wlmw  j.jo  hum  250  ml  « >1  pet.  ether  U»Ve 
1  M  !  U  *  **•»'  ■.  up  I  .,J  I  |  . 

I -Method*  -  t-earHelho\> quinolines  C2I ».  4-Mothox> -6,H«di- 
chloro*:Urarhelh<>\\ i|tnnoline  2lh'.  \  „».ht  <4  17. •»  i0.05s 

mole.)  of  ab  in  .,<«♦  ml  «.|  Met  d  I  «;e  added  Jo  * »f  t).  1  7  mole  of 


NnOMe  in  lot)  ml  of  MeOlf.  After  1-hr  reflux  the  mixture  tvits 
poured  into  2  1.  of  !U>  giving  13.0  g  (S()rJ ),  oven-dried,  mp  111- 
1 12.o°. 

1- Diethylainino-S-phenyl-.T-carhethoxyquinoline  (26).  A  soln 
of  6.2  15(0.0*2  mole)  of  5d  and  4.4  g(0  06  mole)  «»f  Id  .Nil  in  100  ml 
of  KM M 1  was  relhiwd  for  *2  hr.  Omling  in  ice  returned  2  25  g 
(■•7*7  )  *»f  3d.  l  Alraetiou  of  the  residue  from  evapti  of  the  till  rate 
with  hexane,  lilt ta i ion  to  remove  1 .1  »N  11  ■  1 1( 'I,  and  evajm  to 
dry  lie'"  gave  3.1  ij  of  26. 

2- Pyridyililhiiim  Pear/ ions.  A.  With  (arboxylir  Amis  11 
d,e.  2-l*>rid)l  8-Phen\  1-3-quinolyl  Ketone  «  1.3d).  To  a  stirred 
■-oh i  of  2-pyndyllithiums>,  ?tf  dioiu  II  g  <.f  2-biomopuoline  in 
lot)  ml  ol  anhyd  1.14)  at  —  70°  under  N .* I  wa>  added  tapulh 


rJU)  .!.  !*.  W  ilt-:.,,*.  \.p.  |V»„n»w.  H  C.  V  \..n  P,  r  l  1'  1*1,.  H. 

l.-Cim.  H.ft,  Tr  m  .  /i ms,  70,  im  i  ,  u* *,i ,  . 
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_?o_ 


3-1* 

T\m.r.  VI 

r  notion  \i.m:i>-l--i'nsTm 

TI  n  tJlllNOUNI  s 

If 

ir 

K' 

,  U Til 1 " 

1 1 

It' 

It' 

V.  ■(■ 

•  jui.t1’ 

1‘oIUpMlit  loll* 

2-lb 

6,  S-(  '1; 

OMe 

rotiKt 

III. 5  113 

SIK 

24c 

ti,  S-Me, 

OMe  ' 

rt  nii.t 

S3 . 5  -S5 

5li'- 

C,  ,H(;Xt 

24d 

S-l’li 

OMe 

cool  :t 

135 . 5  -  13ti 

S7' 

c,.n,;Xo,' 

24e 

S-CK, 

O.Me 

COOKl 

70 . 5  SO 

70' 

ChIIi-I'jNOi' 

18b 

ti,  s-CIi 

I'.v 

(.'( KlMt 

100-101 .5 

4S' 

C„H1!C1,X:o. 

18e 

S-CK, 

I’v 

COOI-lt 

64-66 

15' 

C,,lI,.K.N,t): 

26 

•S-l’h 

MCtj 

cot  >r.t 

72-74 

i  2r 

C»Hj,N.tV 

27* 

S-l*l\ 

N’Htr 

C(OH  )!’>•-• 

200  201 

14' 

CjoH.iN.O 

28 

S-(T, 

N’Kt. 

COIV 

130.5-131 

00' 

C’»Hi,K.N.O 

29 

S-1'l-’j 

O.Me 

COIV 

172.5  174 

37' J 

Cnllnl'.X-O: 

23‘ 

l>,  s-(’lj 

Cl 

C(Oi’l)lV-A 

107-100 

34-' 

CriHuCljX.O 

*  IV  =  'i-pvnilyl.  4  llerryst  from 
7.51  (m,  It),  3.40  (m,  1).  1.05  it.  (>). 
for  C,ll,N ;  1  for  C,H  only. 


fMcO!l;  J  sublimed;  'hexane;  '  KtOIl.  *  Nmr  (01  >0b)  b  JO. Mi  (s,  1  ),  K.S7  Is,  l}tS.4i  f<!.  2), 
4  Also  f:n lies  2-(2-l’y  )•  ‘  l’tepared  from  acid  chloride.  '  l’reparcd  fiom  cslcr,  47'  < .  *  Anal."1' 

Oil 


T.uiu;  VII* 

Di.m.kyi.aminomi  riiYi/-2-(/J-cin.<)noi'iii;Nvi.)-i>-m  iN0UNi:Mi.  rii  \soi-- 


Compd* 

31a 

31b 

31c 

32a 

32b 

32c 


it 

7-C1 
7 -Cl 
7-CI 
(i,  S-Clj 
6,  8-Clr 
«,  s-ci, 


ir 

lit 

Bn 

Ileptyl 

Kl 

Hu 

Ileptyl 


Mp,  “C  %  yield 

113-115  72 

lSfl-lS6.fi  70 

171-172. 5  (12 

133-131  S3 

227 . 5-230  71 

162- 1 64.. V  73 

*  Synthetic  route:  (i-CI-isutin,  p-O-propiuphemmo  —  Q-3-C1I,,  4-COOll  —  <J-3-Cll>  —  (J-3-COOH  —  Q-COCl  —  Q-i 
Q-COC'Mlr  — »  Q-Cll()HCll»Br  —  tJ-Cll  -  Cl  I,  — *  31  and  32.  4  Solidifying  and  again  melting  at  177-17S“.  «  Anal  C,l  1 

\  / 

U 


Composition1 

CuK-.ChNjO 

C.JWhNjO- 

C,,II„C1,N,0- 

Cj|H.-|CljN;0 

CVU,,C1,N:() 

C„IU  IjN-O- 


II  Cl 
ilC) 

*  HC  '1 
1IC1 
OCIIN: 
Cl,N. 


2.4S  g  (0.01  mole)  of  lid.  After  10  min  f»0  ml  of  anhyd  THK 
(distil  from  Call-)  was  added,  and  stirring  at.  —70°  was  con¬ 
tinued  for  3  hr.  The  mixture  was  allowed  to  warm  to  40°  and 
100  ml  of  11*0  was  added  rapidly.  After  filtration  to  remove 
tin:  insol  pvridyl  Ketone  (other  siteh  ketones  are  so]  in  KM)) 
the  KtiO  layer  was  washed  twice  with  11.0  and  evapd  under  re¬ 
duced  pressure,  giving  additional  1 5(1:  recrvstd  from  nhs  KiOH, 
1.0  g  (32r; ) ;  mp  1  IS- 1 1S..">°. 

B.  With  Kslers.- -A  Tin*’  soln  of  the  ester  was  added  to  a  twiv* 
U>  threefold  excess  of  2-pyiidyllit.hium.  Usually  the  product 
was  isolated  by  evaporation  of  the  Kt»U  and  crystallization  of  the 
residue  from  KtOIl.  In  the  prepn  of  22d  and  27,  tmreacfetl 
starting  material  crystallized  first  from  KtOIl.  In  a  slightly 
diflerent  work-up,  before  further  purification  was  carried  out, 
unreacted  starting  ester  was  extracted  from  crude  15c  and  17b 
with  petroleum  pentane  (30-60®)  and  hexane,  respectively. 

8-Trifluoromethyl-4-(  2  py ridyD-l ,4-dihydroquinolinc  ( 17©).— 
Reaction  of  ester  tie  (3.4  g,  0.013  mole),  work-up  as  above,  and 
fractional  crystallization  from  KtOIl  yielded  two  print  nets: 

20,  0.50  g  (1  !«:;>,  mp  *23, S. 5-240°;  ir  (Kllr  disk),  33(H)  cm  * 
(C-OII;  no  CO  band);  [Anal.  (C«U,h F,NO)  11,  N;  C:  ealed 
0<.S2;  found  00.S7;  mol,  wt  ealed  and  found  303  unass  spoctro- 
*™‘P.yM  «‘»>d  17c,  OSS  g  (20', ),  nip  1 7.5-1 7/»°;  ttmr  (CDCi,), 

•'*>  (d.  I ),  7.32  (m,  S),  5. 10  K  J ),  1. 10  tin,  2),  1.11  (t,  3).  Cmn- 
fkiiind  20  was  dcli  \  dmgeiiuled  by  S  to  \  icld  a  small  amount  i»f 

21,  identilietl  on  l In*  had-*  nf  tin*  nmr  sjH’i  trum  w  hu  h  exhibited  a 
sharp  singlet  at  6  7.511  t,il- O  and  an  aromatic  multiple!  (<5  0.5N 
S.5N). 

2-Pyrul>  I  2,l-|)ii  2-jn  riil> )  Mj,H-ilichloro-3-quiuolyl  Ketone 
(25),  |  he  2-pyrirlvlh t  hium  reaction  mixture  was  stirred  for  only 

1  hr  after  addition  of  the  ester  21b.  Crystallization  from  KtOIl 
gave  IP  ,  of  starting  c-lci  2lb.  K.vajs»rat  ton  of  the  lilt  late  and 
column  chrou»ab»graphv  <>1  the  ie->due  on  Kloii'il  (NfeOff  in 
C.ll,  gradient  etui  ion »  gave  a  red  aiitoiphonis  -olnl  which  con¬ 
tained  trapped  'olvenf  by  mm  ).  ( 'ly^talli/ation  fiom  acetone 

slovr  evapoiation )  gave  25*,  of  25  (yellow,  true  \  ield 


45rr);  mp  234  23S reerystd  from  MeCN,  mp  230-241°, 
mol  wt,  ealed  and  found  457  (mass  spectroscopy.).  Ana!.  C:v 
H14U..N4O:  11. w‘  N,Uk  C.  cabal,  05.06,  found  bti  JS. 

2-Pyridyl  4-l)iethylamino-8-lritluoromeihyl-3-qu»nolyl  Ketone 
(28).  A  soln  of  1  g  v  .‘.‘.Hi  mmoles)  «>t  2U*  audt>.VH»g(  1 1  Sinimdcs) 
of  KtjNllin  15ml  of  Kt<‘ll  was  retluxed  lor  1  hr.  Ice-bath  cooling 
gave  0.07  g  (!»()*  ,  )  of  crude  .3. 

2-Pyridyl  8-Trilluorometh>l-4i  1// )-3-quinolonyl  Ketone  4- 
Chloropheny limine  i3(l).  A  mixture  ot  2  g  <*».!)■»  mmole-)  of 
22d  and  2.3  g  (is  mmoles)  of  4-cliloioatuhue  in  7.»  ml  ol  l.tOll 
wars  refluxed  for  I  hr.  Concentrated  IJCl  tl  ml)  was  added  and 
rethixing  continned  for  another  hour.  The  mixture  was  cooled 
and  quenched  in  ice  114)  containing  r\i  O"  KOll.  (.  rystafu.a- 
tiott  t»f  the  ppt  from  Ktdl  gave  2.. *4  g  (02'  ,  )  nmr  (l).\lM  >)-</* 
b  ‘156  (s,  1 ),  S.7‘>  (s,  1 ),  S  (i  t  (d,  2),  S.25  (<1.  1 ),  7.71  (m,  4).  t'»M 
fin,  4). 

rt-(2-Pi|»eridyl)-r».8Mlimeth>l-3-quinolineimMhanol  (Stereoiso¬ 
mer  Mixture  3c).  A  slimy  of  0.0  g  of  22c  tO.OA  mole).  2  »0  ml  of 
abs  KiCl I,  6  ml  of  coned  11  Cl,  ami  0.75  g  of  Ptfk  was  hydro¬ 
genated  at  3.15  kg  cm*.  After  absorption  of  5|f:,  fijtiation 
through  Cchtc,  anil  cotini  to  30  ml,  the  soln  was  dild  with  114) 
and  basified  1  NaOlI )  The  Kt  <>  extract  of  the  gummy  ppt  was 
washed  with  ll:0,  dii»*d  i.MgSO«),  and  evapd.  Tivalinent  of 
the  iTsidual  gum  m  50  ml  of  Me  (3)  with  7-*  ml  of  hexane  and 
cooling  gave  31-*  g  ,  >,  m|>  M5  130  IN-ny-iall./aim,, 
from  pet.  ctlici  (.'.O"  1 1*1“  ■  and  -nil.lmiAtinn  1 1  .Ml  ’ , 0  1  mm)|  gave 
1.33  g  (15';  1,  »>P  113  I  IS0  t'lntei.N  at  135°l.  An  atialvlteal 
sample  was  piepared  by  reery'tn  from  Met  \  nmr  if  IK  1,1 
SVV;  „)  I  ./  II/..  11-3  t,  7 .Ml  1-1.  1.  I  -  >r- 

1  |-l'  of  -lia'sHaentin-rsl :  7  33  ,,  J)  «  ^  t-1.  «M  I .  ;  ■  ;•  ' ' ; 

t,l. I'  5-*,./  *  K  II/.),  1-31  I-. 3,  Ml.Hl I  >•  - 

3.7  (tn,  1.15  (in,  til. 
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hvjto I  'rirrrsibi  «/  l*;.-;;  <  7../  ...  f 


/.’< ' « //  (  »/  .  I  .n/u.'t  IS,  l : 

Amino  :ilr<»ln»|-*  curry  ini£  :i  (  llOlhl  II.-  *  i  flcnn  m  j  »<  i  -  r  1 1  •  1 1 1  ii  ui  :i  Im*h  <•  >t  lict/mlt*  iiUr|'Mi~.  ii'iMili-st  ii  uifii 

or  >u!ki it  ut.-tl  l»y  pliciivl  nr  t  rilltitirmnrt  livl  m  1 1,.-  i  woli-iii.  Icivi*  i  **•«'!  i  -\min-j  i-  1  li\  ill  Jim1  mimI 

ti-'lctl  fill-  activity  :ii':iin-t  I'liisiiimli-im  >i, riih<  i  in  inii-e.  N-v,  i  ,1  ■  .1  ( li.-  mc.i"  ii- ..Ii. -In.u.-.l  ahli- 

iniitnrial  aelivity  lint  milv  :it  tn\i*‘  1 I, 


Bioisosterie  substitution  of  henzothiazolc  for  quino- 
line  has  boon  trioil  on  throe  occasions,2  4  each  time  for 
derivatives  containin''  the  dinlkyluminoalkvlnniinn 
chain  characteristic  ot  the  prototypes ,  painaipiino  ami 
chloroquine.  Only  one  group  of  authors-  reported  lack 
of  autinialttrial  activity  for  their  compounds,  while  the 
others’-4 *  left  biological  behavior  as  unlinished  business. 
In  view  of  the  renewed  interest  in  amino  alcohols  incor¬ 
porating  some  features  of  the  quinine  molecule'  we  in¬ 
vestigated  amino  alcohols  derived  from  henzotliiazolo 
as  an  extension  of  our  studies  of  quinoline  analogs. 

All  of  the  amino  alcohols  described  in  t  his  paper  carry 
the  functional  side  chain  in  position  <i  (I),  that  is,  pain 
to  the  ring  nitrogen.  This  simulates  a  relationship  to 
the  4-substituted  quinoline  amino  alcohols  ns  far  as  the 
benzothiazole  system  permits.  Apart,  from  the  other¬ 
wise  unsubstituted  derivatives  (la),  2-phenyl-substi¬ 
tuted  derivatives  (I b)  were  also  prepared  because 
2-phenyl  substitution  in  the  quinoline  series  had  proved 
advantageous  to  uitimalarial  potency,6  perhaps  due  to 
inhibition  of  oxidative  biotransformation.  However, 
since  the  2-phenyl-substituted  quinolineamino  alcohols 
cause  photosensitization7 *  and  this  may  lie  associated 
with  their  increased  conjugation,"  2-trifluoromethyl- 
substituted  benzothiazolcumino  alcohols  (Lc)  were  pro- 
pared  to  avoid  this  effect;  in  the  quinoline  series, 
2-CFj  substitution  furnished  amino  alcohols  with 
moderate  antimalarial  activity  and  less  photosensitiz¬ 
ing  properties.9 


R,N(CH,)„ 

la,  It'  -  It 
t>,  It'  =  C.IIr, 
c,  It'  =  <T, 

n  "  1-tl;  1-jN  (lialkylamino,  piperidine 


benzenethiol11 * * * *  and  this  was  eyelizi  d  with  formic  acid  to 
(i-benzot hiazoly I  methyl  ketone  (lit.  Brominatimi  of 
II  was  iollowed  by  treatment  of  the  resulting  bromo 
ketone  with  secondary  amines  and  reduction  of  the 
amino  ketones. 

J^Y\  I  Hr  Itl-.r  M 

rn.cn — -KMI  uNcuntoi! 

•  ;  vain, 

H  n  =  1 

The  2-phenyl  (lb.  n  1)  and  2-t  rilluoromeihyl 
(Ic,  n  -  1.)  analogs  were  obtained  essentially  by  similar 
routes,  benzoyl  chloride17  and  trifluoroaeetic  tmhydride. 
respeetivelv.  being  used  in  dimethvlaniline  solution  in 
the  ring  closure  instead  of  formic  acid.  The  hromina- 
tion  of  the  2-substit'ited  (i-benzot hiazoly  1  methyl 
ketones  in  acetic  acid  always  led  to  mixtures  of  mono- 
mid  dibromo  ketones  from  which  the  monobromo 
ketone  could  be  separated  bv  repeated  crystallization. 

f>-[:5-l)imethylamino-  (and  piperidino-)  1-bydroxy- 
propyl]bcnzothiazoles  tla-c.  n  =  2)  were  prepared  by 
reduction  of  the  corresponding  Mannieh  bases. 

The  synthesis  of  one  example  of  :i  li-(4-dialkylamino- 

1- hydroxybutyl)-2-phenylbenzotltiazole  [lb,  n  —  H; 

|;.,N  =  N(CHn);]  wtis  accomplished  by  reducing  ethyl 

2- phenyl-(i-honzolhinzolooarboxylato  (III.  H  -  C«II:,) 
to  2-phouyl-(i-bonzothiazolomothanol  (IV I,  oxidizing 
IV  to  2-phonyl-h-bcnzothiazolealdohyde  (\  I),  and  con¬ 
densing  this  with  y-dimetliylaminopropylmagnosium 
chloride  (Scheme  I). 

The  2-unsubstituted  aldehyde  (\  )  was  prepttred  by  a 
similar  sequence.  Condensation  ot  \  and  of  \  1  with 
nitromet  httne  yielded  1  -(ti-bouzot  hiazoly  11  -2-nit  ro- 
etliauol  (VII)  and  its  (2-plienyl-ti-bonzothiazolyl)  do- 
rivative  (VIII),  respectively.  Attempts  to  reduce 
these  nit.ro  alcohols  to  primary  amino  alcohols  failed. 


Chemistry.— -For  the  synthesis  of  amino  alcohols  of 
type  la  (n  =  1)  p-amiiioacotophenone  was  thio- 

cyanated1"  and  then  converted  to  *>-acotvl-2-aminn- 

(1) (a)  Tliw  work  whs  mip[n»r(rd  hy  fh«*  1'.  N.  .\rr»tc  M*-dir*<tl  r»*h 

nnd  l)f*v^ioprnrnt  ('nminni'l,  Contiju'l  PA- I'l-  |*M- M  P-'J'.t.’i.'i.  <  'uiiirilxtitoii 
No.  2!W.  <li)  To  whom  should  In*  dm tin  Pji\«-  of  :d«. 

iirnrr  from  Kunihtdiftm  I'niviTHitv.  K urukstii*! m  f  M,ii\ ma'.  India. 

(2)  I.  I,.  Krnm\anl-<  mtd  <i.  V.  l<*Mirvoh-ti'd.:iv:i.  ./.  »»•«.  #**.»«»,  I  S.<H.  7, 
2471  (  P.H7>. 

(d)  II.  I' OX  and  M.  T.  Ilott»*n ,  J .  ,lm.  >•••'. .  61,  JIM  i  i  1  •  *  1’.'). 

(4)  M.  I,.  Mi  miry.  S.  v|.  >  and  M.  L.  .*»?.«•* n  .  -  ,  M,  l  ” ’ '  I 

(HI  Id). 

tr.)  n.  \v.  h  .  \.  i:.  i:.  i:.  i  .t*.  .mm  a.  . . .  /. 

n/cl.  ('krm.,  4,  1  ”  *.*  •  1  ’.  »*  *  7 » 

Mi)  !■’.  V.  \\  i  h- ;•!••.  "  \  n  \  #*v  .  •  \  t.f  :tm  pr  ■ t  *  I  f  f'l  I.', 

.1.  W.  Kdward-  \ttn  \iU.i.  .  |*» i 

< 7 >  'I*.  \  I  n1  man.  I’,  t  i anr  \  t  uur.  1  .  M.  b>>r'..n,  ’{.  l-.m  s. 

And  1..  IVhrdu-rKfr.  J.  dtn.  /«/•-(..  27  >si|*|-i  .  I J  -I'tiS1, 

(HI  |).  1’.  Jat  umpt,  \  I  »»t  I  to  1  *»,  |.«.{rd  N  .1 1 1'  •Mi  I  A I  •••■»  i  ti  ■'  nl  •  Xttif'Mi  in 

<  hrioirttf  >*'«  no  v ,  AJi.imi  Hi  na.  ]  Ja  .  \|mi  I’Mi,'.  \(n 

I'M  H.  M.  and  V.  \  J.  \i"!  <  '.•«  .  11.  . 

(ltl|  li.  I*.  U.xutiuiiili.  m..  266,  4  *.•  7  .  I'i.’H 
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V-K 


VII,  It  =  II 

VIII,  It  -=  tut. 


Biological  Data.  The  twelve  amino  alcohols  desig¬ 
nated  with  Arabic  numerals  in  Table  1  have  beep 
tc-ti  d  Ini'  act i\  ity  again  t  f  in  tin- 

[111111,1-  P\  [lie  proeedure  - -f  Katu’.  <!  at.1'  Ib-allts  oc¬ 
curring  oil  dm  •-  2  alter  inleel ton  wert-  atinPuteil  in 
drug  act  ion  ;  ml  or  ted  emit  ro!  animals  did  not  die  bi-loo- 
i |a \  ti.  Tlu'se  eomp'iuiiils  were  highly  toxic  at  t < ‘-t ) 
till)  mg  kg.  They  exhibited  n-  ghg;1 -a-  ito imal.it  ta[ 
action  at  lower  dose-,  were  ti"t  i-itratiM-  at  tilt) 
tug  kg.  and  UM-|-[-asi-i  1  siu\  i\-ai  lune  trmn  ()..»  2  U  i!a\- 


iii  it,. ,  i  ,i.  i  x  i .  .  -  i -»  i  la.,.,  is  i  r .-  i-.. 

I  Si  It.  I-  I  II. Ion.  i  o.  :  X  I  Km.  I  . . -  53,  .!'•  I,  1 
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V.  R-H 

VI.  H  -  C.Hi 


Experimental  Section 


Melting  points  (taken  in  a  heating  hath)  and  boiling  |>oim.s 
are  tti'correeted.  If  speeira  (Kllr)  were  taken  on  a  IVrkin- 
Elmer  Speelroeord  and  agreed  with  expeeted  ahsorption  hands. 
Where  analyses  in  Table  1  are  indieated  only  by  symbols  of  the 
elements,  analytical  results  obtained  for  those  elements  were 
within  dzO.'.i'  e  of  the  theoretical  values.  Analyses  were  per¬ 
formed  by  Galbraith  Laboratories,  Knoxville,  Tcnn.  \  ieltls, 
physical  data,  and  solvents  are  listed  in  Table  I. 

6-Acelylbenzo(hia7.ole  (ID.--A  stirred  mixture  of  4-amiuo-3- 
thioeyaiioacelophenotte111-11  (48  g,  0.25  mole),  NajS  ttll.-U  (72  g), 
and  11-0  (150  ml)  was  heated  umler  reflux  for  45  min,  eooled, 
and  filtered  from  some  undissolved  material.  The  filtrate  was 
neutralized  carefully  with  Ael)ll.  The  semisolid  was  extracted 
into  ether,  washed  (ILO),  anti  dried  (.X'gStb),  and  the  resitlite 
from  the  ether  solution  was  refluxed  with  bb‘.'t>  formic  acid  (04  g) 
and  a  spalula-fttll  of  Zn  dost  for  if  hr.  The  cooled  dark  mixture 
was  stirred  into  11,0  (401)  ml),  and  the  yellow  solid  which  sepa¬ 
rated  was  filtered  oft,  washed  (ILU),  dried,  and  eryst  dli/ed 
(C«lI«-petroleum  ether  (lip  30-00°),  then  KlOll),  yield  3C.  i  g. 

6-Acclyl-2-phcnylbenzothiazol<*. — !-Atnino-.'>-metraptoaceto- 
pherionc  was  converted  to  its  hydrochloride  with  dry  HO  in 
ether.  The  salt  (30.5  g,  0.15  mole)  was  dissolved  in  dimethyl- 
aniline  (210  ml)  and  the  solution  was  treated  slowly,  with  Stirling 
and  cooling,  with  30  g  (0.21  mole)  of  benzoyl  chloride.  After 
heating  under  reflux  for  1  hr,  the  mixture  was  eooled,  poured  into 
1300  ml  of  3.0'  ,'  11CI.  and  stirred  for  2  hr.  The  solid  ketone  was 
tillered  olT,  washed  (If4>),  dried,  and  recrystallized  from  (ML 
yielding  2.S  g  of  pale  yellow  shiny  flakes. 

In  a  similar  manner,  0-(2-tiifluoromethyll>eiiziithiazolyl) 
methyl  ketime  was  prepared,  using  0.20  mole  of  (f, ('CO ), 0/0.2 
mole  of  starting  uminothiol  ketone.  For  additional  data  see 
Table  I. 

6-ltromoacelylben/o(hia7.ole. — A  solution  of  Hr,  (10  g,  0.1 
mole)  in  48%  1 1  Hr  ( 100  ml)  was  added  dropwise  to  a  hot  stirred 
solution  of  ketone  11  (17.7  g,  0.1  mole)  in  200  ml  of  48%  HBr 
over  a  period  of  1  hr,  the  mixture  being  maintained  at  00-05°. 
After  additional  stirring  for  2  hr  at  00-05°  the  mixture  was  cooled 
to  0°  and  the  crystalline  salt  which  separated  was  filtered  off. 
This  salt  was  stirred  well  with  1M>,  filtered,  washed  (HjO), 
dried,  and  crystallized  from  C.1L  as  pale  brown  crystals,  yield 

19  g. 

6-Uromoacetyl-2-phenylhenzothiazo!e.— A  solution  of  0- 
acety  1-2-pheriylbcnzi >1  hiazi >le  (7.0  g,  0.03  mole)  in  AcOll  (100 
ml)  was  refluxed  until  clear.  A  solution  of  Hr-  (4.8  g,  0.03  mole) 
in  AcOll  (30  ml)  was  then  added  dropwise  over  l  hr  and  refluxing 
was  continued  for  another  hour.  A  light  yellow  solid  separated 
from  the  cooled  solution.  It  was  filtered  olT,  washed  (H-O), 
dried,  and  reel y-tulli/.isl  three  time-  from  (Ml,  to  -eparnte  the 
product  from  dibroin.i.-.rel  \  I  material;  yield  4.5  g. 

G-Diallo  lamino-  (or  piperiilino-i  arelylben/othiazoles.  The 
respective  ti-bromoaerivlt'cii/.oihia/oles  were  Heated  with  a 
-eeondary  amine  lit  drv  betizeue or  eteer  as  -prettied  in  the  loot- 
notes  to  Table  1  The  precipitated  amine  ludrobronndr  was 
filtered  oil,  and  the  liltrale  was  wa-hed  (114*1.  dried,  and  eou- 
isuit  rat  is  j  ;it  reduced  nte--urc  Solid  amino  ketone-  were  pinihed 
by  ervstailuaiion.  I.sptid  |ir>,doets  wire  teduied  without  port- 
tieatiou. 

tl4)  't  ‘i***  i«-»t  iIb(»  by  t \\ah»*r  H ••*■.!  \ r in \  hi-oiim,* 

tJ  Itmt-arrb,  \\  »*imnct<<n,  1).  t  . 


6-|2-l)ialkylamino-  for  piperidino-i  1  *hwlrotyclh\  Ibcn/.o* 
thiazoles  (I,  «  ~  1  >.  -The  appiopriah-  :tti» * 1 1* livl  keinm* 

iiKili*)  u:«s  ui-s*»|vcd  or  Mt- pended  r ri  WH  >1)  1  V >  7  •  in}.' 
and  a  solut  ion  *  f  N’aKI  I<  ( 0.0 1  0.015  mole)  m  1  I  .•(  >  ( 5  ml '  and  J 
A  XnOll  O  :w\)  was  udtlcd  gradually  wnh  -imuiii  at  <  i.V 
After  stirring  tin*  mixture  fur  5  hr  af  2-V  about  half  uf  i #*<*  sol¬ 
vent  was  removal,  ami  tin.*  mixture  was  diluted  with  ll.»»  anil 
allowed  to  stand  overnight.  Solid  amino  alcohol-  were  collected, 
washed  (11*0),  and  recryslalli/ed.  Liquid  product*  were  ev- 
( ratted  ( Kt.:( ) ),  « 1  I’khI,  anil  converted  lo  common  If  f In—*' 

faihxl  to  eryst alli/.e,  J,  l  '-m«*i  hylrnebi-i  2-hydn».\v-3-naplii  home  i 
sails  wore  prepanxl  for  testing  purpose-..  1  hi  rales  for  char¬ 
acterization  were  usually  prepared  in  el  her. 

Mannich  liases. — A  solution  of  a  fi-benzothiazo)vl  methyl 
ketone  (0.05  inole),  a  secondary  amine  hydrochloride  (0.055 
mole),  paraformaldehyde  (0.08-0.12  mole),  and  1-2  nil  of  ethereal 
IIC1  in  3-methylbutanol  (50  ml)  was  relluxed.  If  the  reaction 
required  12  hr,  the  paraformaldehyde  was  .‘elded  in  two  to  three 
portions.  The  0-amino  ketone  hydrochlorides  either  crystallized 
on  eoolinK  or  could  be  precipitated  with  ether.  The  bases  were 
liberatetl  with  aqueous  Nu-COj,  puvilied,  and  reconverted  to 
hydrochlorides  in  dry  ether. 

6- J3«!)ime!hy lamino-  (or  piperidino-)  1 -hydroxy propyl] heuzo- 
thiazoles  (I,  n  =  2).— The  Mannich  bases  were  oiitaimal  from 
their  hydrochloride  salts  in  MeOff-2  X  N’aOH  and  mim  ed  with 
NallH4  as  ilescribed  for  the  preparation  of  I  (n  1)  above. 

6-Benzothiazolecarboxyiic  Acid  (III,  U  =*  H)  and  Ethyl  Ester. 
— A  stirred  mixture  of  ethyl  4-amiiio-d-ihioeyanobehzoeie,u 
(22.2  g,  0.1  mole),  Na-ivOMrO  (20  g,  0.12  mole),  and  |l-l> 
(GO  ml)  was  refluxed  for  45  min,  cooled,  and  liltered  from 
any  undissolved  material.  The  filtrate  was  neutralized  with 
AcOll,  and  the  precipitating  semisolid  amiimtbiol  was  extracted 
(Kt-O),  waslunl  (H;U),  and  dried  (MgS(>4).  Ktlier  was  removed 
under  reduced  pressure,  and  the  residual  aminothiol  was  eydized 
by  relluxing  with  25  g  of  l)0rc  formic  acid  and  a  little  Zn  dust  for 
3  hr.  The  cooled  reaction  mixture  was  poured  into  cold  water, 
the  slowly  solidifying  material  was  filtered  oil  and  boiled  with 
5%  NallCOa,  and  the  solid  was  again  filtered  off  after  cooling. 
It  was  dissolved  in  ether,  dried  (MgSOj,  and  -distilled.  The 
ester  bad  bp  122-125°  (0.2  mm),  yield  1 1.5  g. 

The  NalfCOj  solution  was  acidified  to  furnish  3  g  of  the  free 
acid. 

Ethyl  2-Phenyl-6-henzothiazolecarboxylate  (111,  U  =  C*H»). — 

A  crude  mixture  (U.7  g)  of  ethyl  4-amino-3-tnercapfobenzi»ate 
and  4-amino-.‘>-mercaptobenzoic  acid  hydrochlorides  was  dis¬ 
solved  in  75  ml  of  dimethylaniline  and  treated  gradually,  with 
cooling  and  stirring,  with  10  g  of  benzoyl  chloride.  After  refluxing 
for  00  min  the  mixture  was  cooled  and  poured  into  400  ml  of 
9^o  HC1.  A  solid  precipitated,  was  filtered  off,  and  worked  up  as 
above. 

6-Henzothiazolemethnnol  (IV,  K  »  H)  and  2-phenyl-G-benzo- 
thiazolemethanol  (IV,  K  ~  C«Ha)  were  prepared  bv  reduction  of 
ethyl  G-benzotbiazoleearboxylate  and  ethyl  2-|>heuyl«G-l>en/.o- 
thiazolecarboxylate,  respectively,  with  I.iAlIh  by  t lie  method 
of  Zubarovskii  and  KIiodot.M  Oxidation  of  these  al<‘oh<»ls  (0  1)5 
mole)  with  active  MnO?  (SO  g)  in  drv  CHOh  (1  1.)  at  27°  for  24 
hr,  filtration  from  MnO  and  removal  of  the  solvent  gave  6-ben/o- 
thiazolecarboxaldehyde  (V)  and  2-phenyl-G-benzoihiazolecarbox- 
aldchyde  (VI),  respectively. 

6-(4-l)imeth>’]ainino-l-hydroxybu(yl)-2-phenylbenzothtazole 
(lb,  n  =  3;  R  =  C4ll»). — A  solution  of  1.5  g  (0.012  mole)  of 
7-dimcthylammopropyl  cblori«le  in  THF  (2  ml)  was  added  drop- 
wise  to  a  stirred  mixture  of  Mg  (0.3  g,  2  tug-atoms),  dry  Till* 
(2  ml),  and  It  (otic  crystal)  which  had  lieew  activated  with  0.1 
ml  of  Mel.  When  the  vigorous  reaction  bad  subsided  the  mix¬ 
ture  was  heated  at  00°  for  4  hr,  anot  her  (t.2  g  of  -,-ditmu  h\  lamiuo- 
pmpyi  cliloride  was  added,  and  heafimr  w:i<  rrmfinued  f«»r  1  hr. 
2V  solution  <1!  aldehyde  V]  (1.2  g,  5  mmoles)  in  TUT  (15  ml)  was 
thi  n  added  dropwise  at  20  50°,  and  the  mixture  was  -lined  and 
healed  at  4*t  5tl°  for  3  hr.  It  was  decomposed  with  ice-eofd 
saturated  NMA’l  and  allowed  to  stand  overnight.  Id  her  and  a 
little  !i;t)  were  added,  the  ether  layer  was  sepaiated,  and  the 
aqueous  layer  wa^  e\»i acted  witli  ethei.  The  combined  e*> her 
extracts  were  ilried  'MgStb*,  tin*  advent  was  retnove<l,  :i  >  1  the 
resitlue  was  cry>t:illiretl  from  |*uroleo:n  riber,  yielding  n>  g  m 
t>rodm  i . 

( l."ii  V.  M.  »kh  amt  <  "».  I'.  Is1. o»m  f  ».»«  I  30 

I20H  i  I‘.ai0> . 
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r»-(  l-H>«lrox)-2-nilro4*thvl)benzothia/.olc  (VII).  -A  solution  of 
0-huiiz*>thiuzoUM,arbt»xaUlehy*lc  (V)  (d.'J.'i  g,.  d.0‘2  niole)  ami 
MeN<>:  (l.H.’j  j5.  0.0 J  mole)  in  tin  KM>  (7.*>  ml)  was  initial  1«»  a 
mi\lure  of  I  ml  of A  NuO.Mciii  MrtHI  and  ether  (  10  ml)  over 
a  period  of  10  min.  After  heiim  stirred  at  '2sJ  for  1  Hr,  the  mix¬ 
ture  was  treateil  with  Art >11  (‘I  ml)  in  ether  t’JO  ml)  ami  slirml 
for  anot  he*  l."»  min,  ami  NaOAc  was  filtered  olV  ami  washed  with 
ether.  The  residue  from  the  ether  >olitlioii  was  a  pale  yellow 
solid.  It  was  washed  (II.-O)  and  dried  ami  weiuhed 
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Solvent  ot 


No. 

n 

It'  'i  yield 

cry.tu* 

Ml*.  "C 

Formula 

Analyses 

H 

corn,  ei 

pi:  c.iu 

94-95 

C. [I;\()8 

C,  II,  N 

II 

COCII-Br  74 

C.II. 

13.1-185” 

CM  Mil  NOS 

C,  II,  Br 

1 

H 

CHOIlCH,N’(C.IIi).-2HBH  70 

MpXOj 

110-112 

CijII«,Hr:X;OS 

C,  II,  N 

•  Picratr 

M.-CX 

178-1S0 

C-,,l  l.,N  ,0.s 

C,  H,  N 

H 

CIIOIK ’II.XtC.H.V  09 

o 

•1,1  '-Mi'lliylciiol)i.'(  2-hvilrnxy-3-naplil  linale)* 

I2.v-i;;i)/ 

C»iI«X.0;S 

C,  II,  N 

•  Pirrato-  IIBr* 

Eton 

15:1-154 

C:,H».HrXjO*S 

C,  II,  X 

3 

II 

CllOHCII.XC.II,,'.*-'  72 

PE,  Eton 

115-110 

C„I1„X  os 

C,  II,  N 

II 

COlCII,  l.XiCll,  V..IICW  42 

MeOlI 

210  dec 

e,;H,x:ix;os 

C,  H,  X 

II 

COfCll.l..NCUI,„IUT'  .'<4 

EtOIMLO 

2:{2-2:ia 

C„H|,CIXjOS 

C,  11,  X 

4 

11 

Cl  U)H((  a  I,  v.X(C  1 1., ),  •  2 1 1(  -1‘  53 

Eton 

1 , 5- 1 , 0 

C,.H„CI8X.0S 

X 

•  Pirrat e 

MeCX 
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C,,H„XiO*S 

C,  II,  X 

5 

II 

CHOIIl'(’ll,),XCiHio-2IK’l*.*  00 

Et0II-Et,0 

108-109 

C„1I«C1,X  ,os 

C,  II,  X 

■  Pierate 

MeCX 

107-108 

C;,lI..,Ny)sS 

c,  II,  X 

e.n. 

coni,  75 

C.II. 

191-192 

CuHuNOS 

C,  11,  X 

C.II, 

COCII.IIr  45 

C.II. 

192-19.1 

C,...H„I?rX0S 

0, 11,  Br 

C.II, 

eocii..xeji,,*.'  9o 

Eton 

123-125 

C»1I»X,()S 

C,  II,  X 

C.II, 

COCII'NiCjIliV."*  92 

•  l’icralo 

EtOAc 

100  dec 

CuIIaXiOiS 

C,  II,  X 

o 

C.H, 

CliOHClI.NCill.o*  82 

Eton 

152-153 

CwHmX.CS 

C,  II,  X 

7 

C.II, 

CHOII(’II:XiC..|ljlt  71 

Et.,0 

S4-SC 

C1jIImX,0S 

C,  II,  X 

car. 

CO( C I  I.1..N ( ( ' H ,  1; - 1 1C '1 "  81 

EtOIl-H;() 

2.34 

Ci.IIijClX.OS 

C,  11,  X 

C'.IU 
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EtOIl-lliO 
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PE 
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0,  II,  X 
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101-105 
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C,  H,  X 
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COCII. Hr”  00 
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113-111 

Ci  , II  Ili'I'sNOS 
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<T> 

CIK  HK'II.NiCjIIiV;’’ 
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EtOAc 
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C,  11,  X 

'J 
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('«H,.,P»X.<  >iS.2H;0 

c,  II 

10 

cr, 

CIIOI  K'lljNC.IIio-  IICT'"'’  74 

EtOII 

200-202 

Ci,n,.cir.x.os 

e,  11.  n 

CT, 

COlClIji.XM  'Ilji...  IICP  04 

MoCN 

1M1-1S1 

c,:ii,,cn'5x,os 

C,  II 

cr. 

C(KCH.).XC,IIi„IKT.'  57 

Mt-CX 

205  21  Hi 

c„i{,st  -ir.Nt  is 

C,  II 

II 

cr, 

CIIOU(CH.'.N(CH,b  09 

PE 

101-105 

c'.a  i,  .i:,x  .<  >s 

C,  II 

12 

<T, 

nion(en.i.xc.H„*  s.-> 

EtOII  H;0 

120  127 

C,,H.  .1  N  t  IS 

C.  H 

II 

CO. ('.Hi'  55 

PE 

01-02 

C,oll,X<  i.S 

C.  II 

II 

CO.  IP 

EtOII 

215  210 

II 

CII.OII  74 

C.II, 

101  105 

C.II.N*  is 

C.  11 

II 

CIIO  78 

(Vcltiln-vanc 

92-9.3 

C.II. NOS 

C,  II,  X 

C.II, 

II 

CIIOHCH.XO,  80 

Eton 

1.30 

(MI,N4i.S 

C.  II,  N 

C.II, 

CO.  II” 

AH  III 

205 

C,  .11. NO  S 

C,  11 

Colli 

C'OC.Ifi  55 

Eton 

123 

C„.ll,:.NO.S 

C.  11 

C.II, 

CII.OII  91 

C.II, 

129-131 

Ci.H„Nt  is 

C,  H 

C.II, 

CIIO  09 

C.II. 

100-102 

C,,H,N<  is 

C.  11 

cjt. 

cm  men  xo..-  so 

Eton 

180 -IM 

e,..il,;N-<  >,S 

C,  11,  N 

• 

I'ofiipotimH  with  Arabic  mimeraU  have  been  tested  for  ant  iinalarial  act  ivity.  *'  PK  - 

-  petrol, .mu  , 

■ill,.,  (lip  5II- ti(l’).  'Ill 

-..Il.lililHl 

at  140°,  »|ei  otnpMveil  at  lMtt-*J|0°.  **  The  ketone.  It  =  ( *(  K  ’I  f?\ IJ*,  was  prepared  in  (Mir,  under  N  ■  af  _*7°  for  I  hr.  9  Prepared  hv 

run  ii,  u  e<pi  to  n  >1  i  r  amounts  of  l  he  amine  •  1 1  It  r  and  i  he  ammoiiinm  suit  of  i  lie  organic  arid  in  1 1  A  >,  filler -inn,  and  di  \  mu  ( 1\.(  >,  j.  ■  I  ion  Me 
Hip  PJs  \  J|0  .Mr'  i|ee.  Prepaied  from  the  hvdrohrnmide.  '  N(\!ln  ~  pipendmo.  '  Pteiale  Irom  l  ‘M  »Ae.  mp  \  as 

not.  atialv  rd.  1  M mini  li  o  aetion  time  1  hr,  separated  on  rooting,  lifcht  >ell»»w  solid,  reerystalli/ed  alter  i  haleoal  Meatment.  *  Ha  e 
was  visions  Ihpiid:  ddivilroehloride  was  prepared  in  Ory  Km>.  1  Prepared  in  (MU  at  J7  ’  for  4  hr,  then  at  Alt'*  for  1  hr.  m  IVcom- 
p«w»|  mi  hra:i:,g  in  solvents.  ’  Pear  Unit  time  PJ  hr:  -ep.-i  ruled  on  cooling.  "  Prepated  fi«>in  the  ketone  and  Hi  m  AcOll  at  00-70  '. 

*  From  the  hrotuo  ketone  in  KM>  at  'J7°  for  Jl  hr.  «  Prepared  front  the  crude  l>a-e  l»y  die  general  ptnrcdurr  of  ,|.  |f.  Hiliinan,  J  >.  (J. 
Thoma*,  M.  Hedrick,  (i.  Sehrotenboer,  Ih  l\.  Haines,  J.  \emee,  P.  Trix,  and  I!  ('lel.ind,  ,/.  On /.  i  l.itti  ,  II,  77  J  p.MHi,  r  Heaeiion 
time  In  hr;  **epa  rated  on  addition  u|  Kl.O.  *  S.  (I  Fridman,  (irti.  (View.  (  SSI, ,  2ft.  |pi|  1 1  *  *  Ai  l ».  give-  mp  iip,  1  I. it.*  inn '21V. 

*  Iat  .*  mp  2»d  J.  r  Piepared  Irorn  aldehyde  VI  as  drsu  iU-d  lor  the  J-utiMih'i  iiuUfd  tin  j\  ative,  but  *Mng  Til F  in-  .cad  of  |.:  <  >. 
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V .  Part  5 .  2-Aroxy  and  2-pChloroani lino  4-c|ui.noline  Aminoalcohols 

Antimahrials.  9.  a-(2-Piperidyl)-4-quinoHnemethano Is  Carrying  2-Aroxy 
and  2-(«-ChIoroaniiiao)  Groups*’1 

/  K  Journal  of  Medicinal  Chemistry,  16, 528  (1973). 

Charles  R.  Wetzel,1  James  R.  Shanklin,  Jr.,3  and  Robert  E.  Lutz* 

Department  of  Chemistry,  University  of  Virginia,  Charlottesville,  Virginia  22901.  Received  February  24,  1972 


Twelve  a-(2-piperidyl)-4-quinolinemethanols  were  synthesized  from  2-chlorocinchoninic  acids  by  addi¬ 
tions  of  2-PyLi,  displacements  of  2-C1  of  the  resulting  4-quinolyl  2-pyridyl  ketones  by  aroxy  or  p-chloro- 
anilino,  and  hydrogenations  of  the  keto  and  pyridyl  groups.  Activities  against  Plasmodium  berghei  in 
mice  were  comparable  with  those  of  2-aryl  analogs.  The  6,8-dichloro-2-(p-chlorophenoxy)  compound 
was  curative  at  20  mg/kg  but  was  phototoxic.  2-Chloro-a-diethylaminomethyl-4-quinolinemethanol, 
synthesized  by  a  conventional  route,  was  “inactive"  against  P.  berghei  but  active  against  Plasmodium 
gallinaceum  in  birds 


Syntheses  of  12  a-(2-piperidyl)-4-quinolinemethanols  (1- 
12)  (and  incidentally  the  2-chlorodiethylamino  alcohols 
13  and  14)  were  undertaken  with  the  following  expecta¬ 
tions:  that  the  2-aroxy  and  2-fp-chloroanilino)  would  pre¬ 
vent  oxidative  biotransformations  to  less  active  carbo- 
styryls;4  that  these  groups  would  lead  to  liigh  activities 
against  Plasmodium  berghei  in  mice  with  firm  binuing  of 
the  molecules  to  the  host  tissues;''  and  that  phototoxicity, 
formerly  thought  to  be  associated  with  conjugation  of  aryl 
and  the  2-quinoline  nuclei6”8  in  highly  curative  drugs  such 
as  15,9  mi  gilt  be  reduced  by  intervention  between  the  aro¬ 
matic  nuclei  of  the  heteroelement  O  or  N  which  would  de¬ 
stroy  the  direct  conjugation  although  replacing  it  by  forked 
conjugation.10 

Chemistry.  The  a-(2-piperidyl)methanols  1-12  were  syn¬ 
thesized  from  appropriate  isatins  through  2-hydroxy-  and  2- 
chlorocinchoninic  acids  16-20  (and  ester  21).11'14  Rather 
than  displacing  the  2-C1  at  this  stage,11  the  reactions  out¬ 
lined  in  Scheme  I  were  used,  namely,  additions  of 
2-PyLi,15'19  then  aroxy  and  anilino  displacements  of  the 
active  2-CI20  of  the  2-pyridyl  ketones  22-26  (more  difficult 
when  an  8  substituent  was  present),  and  simultaneous  Pt- 
Ht-AcOH17  hydrogenations  of  the  keto  and  pyridyl  groups 
of  27-38.  Reduction  of  the  p-methylthiophenoxy  analog 
40,  however,  was  incomplete  and  stopped  at  the  a.42- 
pyridyl)methanol  stage  43,  presumably  because  of  catalyst 
poisoning  by  sulfur  of  the  substrate.  The  products  1-12 
were  isolated  only  in  one  of  two  possible  racemic  forms. 
Difficulties  in  and  deviations  from  usual  procedures  are 
given  in  the  Experimental  Section. 

In  preliminary  experiments  toward  making  a-diethyl- 
aminomethyI-4-quinolinemethanoIs  carrying  2-hetero  sub¬ 
stituents  which  might  then  be  displaced,20  13  and  14  were 
synthesized  by  the  standard  sequence.  Scheme  ll.9’21 

Biology.  Results  of  tests  against  P.  berghei  in  mice  by 
the  method  of  Rane22  are  given  in  Table  I.  In  activities, 
the  a-(2-pipcridyl)-2-aroxy-  and  24p-chloroanilino)-4-quino- 
linemethanols  1-12  proved  to  be  similar  to  2-aryl  analogs 
typified  by  IS.9  That  chloro  is  a  more  effective  auxo- 
pharmacophore  than  methyl  is  shown  by  marked  and  con- 

tContrihutiun  No,  1042  of  the  Army  Research  Program  on 
Malaria.  This  work  was  supported  in  part  hy  (a)  the  U.  S.  Army 
Medical  Research  ami  Development  Command,  Office  of  the 
Surgeon  General.  Contract  No.  l)a-48-|  93  MD-295S,  R  E.  Lutz. 
Responsible  Investigator,  with  Posteraduate  Research  Assistantships 
to  C.  W.  W.  and  i.  K.  S.,  1 968;  (b)  NASA  Traineeship  fo  J.  R.  S., 
1968-1969.  ami  (c)  a  fellowship  to  J.  R.  S.  under  A.  H.  Robins  Co. 
research  grant  to  R.  E.  L.,  University  of  Virginia,  1969-1970.  Anti- 
malarial  and  phototoncit  v  test  results  were  supplied  hy  Waiter 
Reed  Arms  Institute  of  Research  IWRAIRV 


1,  R  =  H;  R'  =  4-Me 

2,  R  =  6-Me;  R-  =  4-Me 

3,  R  =  6-C1;  R'  =  4-Me 

4,  R  =  H;  K  =  4-C1 

5,  R  =  6-Cl;R'  =  4-0 

6,  R  =  6,8-Me,;  R’  =4-0 

7,  R  =  6,8-0,;  R'  =  4-0 

8, R  =  6,8-C1,;R'  =  3,4-0 


9,R  =  H 
10,  R  =  6-Me 
H,R  =  6-C1 
12,  R  =  6,8-Me, 


13,  R  =  H 

14,  R  =  6,8-0, 


15 


sistent  activity  differences  between  analogs,  and  p-chloro- 
phenoxy  appears  to  be  slightly  more  effective  than  p- 
chloroanilino.  The  most  active  compound  was  the  6.8-di- 
chloro-2-(p-chlorophenoxy)  (7);  it  was  “active”  at  10  mg/kg, 
curative  at  20  mg/kg,  and  somewhat  more  active  than  the 
a-dibutylaminomethyl-6,8-dichloro-2-(3,4-dichlorophenyl) 
analog  15.  The  combination  of  three  aromatic  chlorines  plus 
the  2-aroxy  oxygen  in  7  has  produced  almost  the  same  level 
of  antimalarial  activity  as  the  combination  of  four  aromatic 
chlorines  in  the  n-dibutylaminomethyl  2-aryl  analog  15. 

Representatives  of  the  more  active  of  the  compounds  1- 
12  proved  to  have  high  to  moderate  phototoxicities23  com¬ 
parable  with  those  of  2-aryl  and  2-aroyl  analogs. T’8,10  It 
appears  that  intervention  of  the  hetero  elements,  oxygen  or 
nitrogen,  between  the  2-aryl  and  the  quinoline  nuclei  (like 
the  carbonyl  group  in  2-aroyl  analogs10)  has  little  or  only 
moderate  effect  on  both  antimalarial  activity  and  photo¬ 
toxicity. 


Experimental  Section 

Satisfactory  spectra  were  obtained  where  required  for  structural 
determination.  Instruments  used  wetc:  for  melting  point,  Thomas- 
Hoover  apparatus;  it.  Pctkin-Elmer  337;  nmr.  Hitachi  Pctkin-Hmer 
R-20;  and  mass  spectrum,  Hitachi  Pcrkin-Llmct  KMU  6E.  Micro- 
analyses  by  Galbtaith  Lab.,  Inc.,  were  correct  within  +0  4":  (see 
Table  I)  for  data). 
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Sdicllie  1° 


Scheme  li 


CQOH 


16-20 


ArO,  ArS,  or 

a.  CIPhNH, 

b. H* 


22-26 


27-29,  X  =  OPhMe-p 
30-33,  X  =  OPhCl-p 
34,  X  =  OPhCl,(3,4) 
35-39,  X  =  NHPhCl-p 

40,  X  =  OPhSMe-p 

41,  X  =  SPhCl-p 


RQCOOMe 
21,  R  «  6,8-Cl, 


2-PvLi  26  CIPhNH, 
H* 


NPhQ 

QCPy 

42 


H* 


39 


40 


Pt-H, 


OH 

I 

QCHPy 

43 


27-38  — 1-12 
AcOH 


aQ  *  4-quinolyl;  R,  see  Table  11. 

2 -Hydroxy cinchoninic  »dd  (75%)  and  derivatives,  6-Me  (76%) 
and  7-CI  (30%),  were  prepared  from  the  isatins  through  A'-acetyl- 
isatin.,,•,,  The  derivatives,  6-C1  (51%),  6,8-Me,  (55%),  6.8-Cl; 
(89%),  and  7-CI  (65%),  were  made  from  the  isatin  and  malonic 
add  (AcOH,  reflux  15-17  hr).14 

2-Chk>rodnchoninic  acids1’  16-20  were  obtained  (co.  80%)  by 
treatment  of  the  2-hydroxy  acids15  with  POCl3  (reflux,  3  hr), 
hydrolysis  by  11,0  (3  hr;  but  for  17  and  20,  by  solution  in  dioxane 
containing  excess  2  N  NaOH),  solution  in  NaHCOj,  and  reprecipita¬ 
tion  by  acid. 

Table  I,  Bioassay  Data0,6 


COC1 


45-50 


QCOCHjBr  NHEIj 

51-54 


QCOCH,NEt,-HBr  - •  13,14 

5  NaBH, 


Methyl  2,6.8-Trichlorocinchoninate  (21). 14  A  solution  of  10.8 
g  of  2-hydroxy-6,8-dichlorodnchoninic  add  in  30  ml  of  SOClj,  9  ml 
of  DMF,  and  25  ml  of  C,H,  was  refluxed  (15  hr)  and  evaporated. 
Treatment  of  the  residue  with  5  I.  of  refluxing  MeOH  (10  min)  gave 
21  [ir  (KBr)  1745  cm'1  (C=0);nmr  (CDC!,)6  4.10  (s.  3,OCH,), 

7.92  (d.  1 ,  /  =  3  Hz,  7-H),  8.05  (s.  1 ,  3-H).  8.78  (d,  l ,  /  =  3  Hz.  S-H)]. 

2-Chloro-4-quinolyl  2-Pyridyl  Ketones  (22-25).  To  51.5  g  of 
22%  n-BuLi  (in  hexane,  0.177  mol),  in  75  ml  of  Et,0  (distilled  from 
dry-Na)  (-60“  ,  under  N,,  stirring),  was  added  28.2  g  (0  179  mol) 
of  2-BrPy  (30  min)  and  then  1 1 .6  g  of  17  (0.048  mol)  in  450  ml  of 
THF  (distilled  from  LiAlH,)  with  stirring  (4.5  hr).  Warming  to  -35°, 
addition  of  100  ml  of  11,0.  H,0  quenching,  standing,  filtering,  wash¬ 
ing,  drying  (110°),  and  chromatography  (A1,0, ,  elution  with  CJl, 
and  CHClj)  gave  24  |ir  (KBr)  1680  cm'1  (0=0)  |.  The  use  of  Et,0, 
EtjO-THF,  or  THF-glyme  as  reaction  solvent  generally  gave  poorer 
yields  (4%  of  26). 

2,6,8-Trichloro-4-quinolyl  2-Pytidyl  Ketone  (26).  Portionwise 
addition  of  ester  21  to  2-PyLi  in  Et,0(-78°)  (charcoal  treatment: 
CHClj ,  Celite)  gave  26  [ir  (KBr)  1680  cm'1  (0=0);  mass  spectrum 
(70  eV)  m/e  (rel  intensity)  340  (18),  338  (54),  336  (55).  311  (36), 
309  (100),  307  (100).  275  (74),  273  (100),  234  (9),  232  (32), 

230  (32),  78  (78)].  A  similar  run  in  1:1  Et,0-TI1F  (-60°)  and 
chromatography  (Al,Oj,  CjHj-CHCl)  gave  4%  of  26. 

2<p-Methylphenoxy)-,  2-(p-Methylthio)phenoxy-,  and  2<p- 
ChlorophenylthfoM-quinolyl  2-Pyridyl  Ketoncs(27.  40.41).  A 
solution  of  2.6  g  (9.2  mmol)  of  22  and  3  g  of  NaOCjlUMe-p  (23 
mmol)  in  35  ml  of  dioxane  (dist  tiled  from  Call, )  w  as  refluxed  ( 1 5 
hr);  27  was  then  precipitated  by  H,0  quenching.  40  and  41  were 
made  like  27  (dioxane.  reflux,  ca.  22  hr).  Under  similar  conditions 
25  was  recovered  (90%).  and  in  diglyme  (reflux,  6  hr)  the  product 
was  an  intractable  oil 


Antimalaria!  activities.0  MSTr  (days),  C  (Cl!^•s)‘,•, 


Re!  _ Dose,  mg  /kg _  Phototoxicity.*  MED/ 


Compd 

no. 

X 

R 

20 

40 

80 

160 

320 

640 

Ip  (oral),  dose,  mg/k;’. 

1 

932 

OPhMe-p 

H 

0.4 

0.4 

0.6 

0.8 

0.8 

1.0 

2 

933 

OPhMe-p 

6-Me 

0.4 

0.4 

0.6 

0.6 

2.6 

7.8 

3 

934 

OPhMe-p 

6-CI 

0.2 

0.6 

3.0 

3.4 

5.2 

Toxic 

4 

940 

OPhCl-p 

H 

0.3 

0.5 

2.9 

7.1 

9.1 

2C 

5 

965 

OPhCl-p 

60 

1.3 

5.3 

13.7 

IC 

4C 

4C 

75  (50) 

6 

945 

OPhCl-p 

6,8-Me, 

0.5 

5.5 

12.5 

13.9 

2C 

2C 

7 

970 

OPhOI-p 

6,80, 

2C 

3C 

5C 

5C 

5C 

5C 

(50) 

8 

973 

OPhCl,(3.4) 

6.80, 

13.9 

3C 

5C 

5C 

5C 

5C 

25  (25) 

9 

930 

NHPhCl-p 

If 

0.6 

0.6 

1.0 

7.8 

10.0 

1C 

10 

931 

NHPhC'l-p 

6-Me 

0.6 

0.6 

0:8 

1.8 

11.2 

4C 

15 

11 

938 

NHPhCl-p 

60 

0.3 

0.5 

1.7 

6.1 

2C 

2C 

12 

939 

NIlPhCT-p 

6,8-Me, 

0.3 

0.3 

1.7 

3.7 

6.9 

2C 

25 

15* 

556 

PhCl.O.4) 

6,8-Cl, 

30 

6C 

8C 

10C 

10C 

10C* 

25 

13* 

935 

Cl 

H 

0.4 

1.0 

1.2 

3.2 

4  Against  P  brrfhei  in  mice  (see  ref  22)  *See  ref  23.  rMean  survival  times  in  days;  a  compound  is  considered  “active"  when  MST  is  doubled 
or  more.  =  number  of  cures  (mice  surviving  to  60  days)  out  of  test  groups  of  five  mice.  *’1  or  15  test  groups  were  ten  mice  *MI  !)  -  min¬ 
imum  effective  dose  in  milligrams  per  kilogram  *15  ^  WK  30090  (SN  150681.  the  2-arvl4-OH>ll(TI,-lK'l  analog,  n  is  included  tor  compart 
»on.  *rhis  is  the  a-Cil,NEt,  IICI  analog,  it  was  aclne  at  160  me; h-'  against  /’  taUtmcium  in  birds. 
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2-(p-Chk>rophenoxy)-6-chk>ro  and  6,8-Dimcthyl-4-quinoiyl  2- 
Pyridyl  Kecones  (31  and  32).  Under  the  above  conditions  using 
NaOPhO-p  tretlnx.  48  iir)  24  was  recovered  I S t i '7 1  Use  of  DMSO 
or  DMSO.  as  solvent  ( ltd)  and  125  )  gave  intractable  products.  A 
solution  of  1.36  g  (4.5  mmol)  of  25  and  4  5  g  I  30  mmol)  ot 
NaOPhCl  p  in  32  g  ot  molten  p-cldo:’.  ;  !.er.;'l  was  sturcd  at  95"  i  1 3 
hr)  and  quenched  in  11. 0.  The  product.  32,  was  charcoaled  (EtjO) 

[ir  (KBr)  1685  (C=0>.  1232  cm  1  iCOO].  Reaction  of  24  under  the 
above  conditions  was  incomplete  in  10  hr  (tic)  but  in  22  hr  gave  31. 

2-(p-Chloro-  and  3,4-dichlorophcnoxyl-6,8-dichloro~4-quinoly) 
2-Pyridyl  Ketones(33  and  34).  To  CtH,-washed  Nall  (0  069  mol, 
from  3  g  ot  a  55%  dispersion  in  mineral  oil)  in  200  ml  of  DMF  (mo¬ 
lecular  sieve  4A.  48  hr)  was  added  dropwise  a  solution  of  22  g  (0.17 
mol)  of  p-chlorophenol  (in  100  ml  of  DMF)  and  then  4  g  (1.32  mmol) 
of  26.  Heating  (95°.  1 1  hr),  11,0 quenching,  and  crystallization 
from  Me,CO  (charcoal)  gave  33  (ir  (KBr)  1680  (0=0),  1235,  1215 
cm"1  (COC);  mass  spectrum  (70  eV)  m/e  (re!  intensity)  432  (15.6), 
430  (43.8),  428  (43.8).  326  (26.5).  324  (79).  222  (79),  78  (100)]. 
Compound  34  was  made  similarly  from  3.4-dichlorophenol. 

2-(p-Chloroanilino)-4-quinolyl  2-Pyridyl  Ketones  (35-38).  A  50- 
ml  solution  of  3.5  g  (0.01 18  ntol)  of  25  and  6  g  ol  p-chloroaniline  in 
absolute  EtOIl  was  refluxed  (48  hr;  23  and  24  required  only  6  hr). 
After  adding  50  ml  of  11,0  and  25  ml  of  concentrated  HCI,  and 
again  refluxing  (1  hr),  38  was  precipitated  by  H,0-NaO(l  quenching 
(ir(KBr)  1720  cm"1  (C=0) |.  Without  HCI  the  anil  was  obtained,  mp 
198-200°  (not  analyzed)  (iriKBr)  1630  cm"1  (Cs*N)).The  2,6-Cl, 
ketone  26  under  these  conditons  failed  to  react  with  2,4-dimethvl- 
aniline  (24  hr). 

24p-Chtoroanilinoi-6,8-dichIoro-i-quinolyl  2-Pyridyl  Ketone  (39) 
and  Its  Anil  »42).  A  solution  of  5.9  g  (17.6  mmol)  of  26  and  5.1  g 
of  z>-chloroaniline'  HQ  in  100  ml  of  p-chloroaniline  was  stirred  at 
95  (under  N, ,  8  hr).  11,0  quenching  gave  42.  Solution  in  1.8  I.  of 

I. 5  M  HCI  in  60%  FtOH  and  refluxing  (2  hr)  gave  39.  In  a  separate 
experiment,  anil  42  was  washed  with  dilute  NaOlI  [ir  (KBr)  1685 
cm"1  (C=0);  mass  spectrum  (70  eV)  m/e  (rel  intensity)  431  (36), 

429  (98),  427  (100),  325  (20).  323  (59),  321  (59),  290  (8),  7.88 
(27),  286  (34).  78  (61)).  It  is  evident  that  displacement  of  2-C1  by 
an  aniline  is  impeded  by  an  S-quinoline  substituent  and  by  o-Mc  in 
the  aniline  and  that  the  reaction  is  autocatalyzed  by  HCI  liberated.24 

2-Aroxy-  and  2 -(p  C!doroanilinoi-a-(2-piperidyl)-l -quinoline- 
methanols  (1-12).  Hydrogenations  of  the  2-pyndyl  ketones  27-39 
were  by  Pt-H,  (0.2  g  of  84%  PtO.  per  3  g  of  substrate  at  43  psi  in 
250  ml  of  AcOH),  followed  by  filtration  (Celite),  and  NaOH-11,0 
quenching  (directly  or  after  vacuum  evaporation  of  AcOH  and  solu¬ 
tion  in  Me, CO). 

a-(2-Pyridyl)-2-[p-(  rnethylthio)phenoxy  ]-4-quinolinemethanol 
(48)  was  made  from  40  bv  Pt-H, -AcOH  (as  above)  [ir  (KBr)  3100 
cm"1  (broad.  OH);  nmr  (CDCI,)  6  2.50  (s,  3.  SCH,).  4.40  (s,  1,  OH), 
6.42  (j,  1,  C//03D). 

Attempted  Synthesisof  a-(2-Pipetidyl)-6.8-<lichloro-2-(p-chloro- 
phenyD-4-quinolincmethvlimine  (OCM(NH.)Pip;  for  Comparison 
with  7  and  15).  6,8-Dichloro-2-(p-chIorophcnyO-4-quinoiyl  2-Pyridyl 
Ketoxime,  QC(2-Pip)=NOH  (44).  Reaction  of  2-PyLi-Et,0  with 
the  cinchoninic  methyl  ester  (-78°,  under  N, )  and  treatment  of  the 
resulting  ketone  (83%)  with  NH,OIIHCI-pyridine  in  absolute  EtOH 
(reflux  6  hr)  gave  44  fir  (KBr)  3225  cm'1  (OH),  no  0=0  band  j.  Pt- 
H,-AcOH  reduction21  gave  an  unpromising  mixture  (six  compounds, 
tic). 

2-Chk>n>cinchoninyl  Chlorides  (45-50).  For  45  and  48,  sec 
ref  13.  For  the  others,  a  melt  of  69  g  (0.278  mol)  of  (e  g.)  20  and 
112g  (0.535  mol)  of  PCI,  was  icfluxed  (5  hr),  cooled,  washed 
(Et,0),and  charcoaled  (hot  C„H,). 

2-Chk>io-4-quinolyl  Bromomethyi  Ketones  (5 1 -54).  Addition 
of  49  (1 1.3  g,  0.05  mol)  to  6  g  (0.14  inol)  of  CH,N,  in  400  ml  of 
alcohol-free  Ft,0  (4  hr ).  addition  of  40  ml  of  48%  HBr  (1  hr),  ex¬ 
tractions  (Et.O).  divine  ((*jSU,).  and  evaporation  cave  53. 

2-Oikm-a  d  u-th  via  minomrt  hv  1-4-q  uino  I  me  methanols  (13,  14). 
To  a  solution  of  2  .34  e  (0.01  mol)  of  (eg.)  51  in  51  ml  of  Kt,()  was 
added  2.82  g  ot  Ft, Nil  t  3  hr,  20’).  After  t  lit  ration  and  vacuum 
evaporation,  a  oiuiion  if  the  »--il  in  50  ini  of  MeOII  was  treated  with 
0.35  g  of  NaUH,"  and  4  ml  ot  ll.t)  (stirring  3  hr).  Alter  quenching 
(1 .5  1.  of  11,0.  standing  5  bn.  v  n  uum  evaporation  of  Et,0  extracts, 
solution  of  lhc  residue  in  I  t.O  and  drying  UaSO,),  1  3- HCI  was 
precipitated  by  dry  l!(  1-1  t.O. 

2-ChloTO-4-vyanoqumo|ini\s  (55-60).1*  11  The  2-chlorocin- 
choninic  acids  twhsre  attempts  at  direct  KF  exchange  had  failed) 
were  converted  to  acid  chlorides  45-50  and  thence  by  C,II»-NII,- 

II, 0  (stirring)  to  crude  amides  tair-dried)  which  were  then  Healed 


(16  hr)  with  refluxing  POCI,-PCl,  (rather  than  SOCI,). 

2-Hydro\y-4-acetylquinoline  (61).  Reaction  of  2-chloro-4- 
cyanoquinoline  (55)  with  Mel.i  ( -60“,  Et,0,  3  hi)  was  incomplete. 
After  recovery  of  55  (38"  )  and  hydrolysis  of  the  FtOH  filiraie.  an 
equal  volume  of  18%  HCI  was  added  (reflux.  2  hr),  giving  61. 

2-Fluoro-4-cyanoquu)Olines“  (62-tsb).  With  KF  in  DMSO 
(anhydrous,  under  N , ,  180°),  55-60  underwent  selective  displace¬ 
ment  of  2-C1  by  F.  Attempted  hydrolysis  of  CN  of  62  (7S%.  H.S04, 
100°,  4  hr)  gave  2-hydroxycinchonimc  acid,  whereas  under  these 
conditions  2-chloronitrile  55  was  converted  into  2-chloiocinchoninjc 
acid  (16). 
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Analysesm-P 

l 

11 

OPhMe-p 

CHOIlPip 

EtOIl 

199-200 

61 

C,.H,,N.O, 

C,  H,  N 

2 

6-Me 

OPhMe-p 

Cl  lOH  Pip 

EtOH 

167-169 

38 

c,;h;,n,o, 

C,  H,  N 

3 

6-C1 

OPliMe-p 

CIlOHPip 

EtOH 

180-181 

46 

C,,H,,ClN.O. 

C,  H,  N 

4 

H 

OPhCl-p 

CHOIlPip 

EtOH 

173-174 

42 

c;,h,|Cin,o; 

C,  H,  N 

5 

6-CI 

OPhO-p 

CIlOHPip 

EtOH 

183.5-185 

40 

C„H.0CI,N.O. 

C,  II,  N 

6 

6,8-Me, 

OPhCl-p 

CIlOHPip 

EtOH 

171-172 

52 

C.,11,,C1N.0, 

C,  H.N 

7 

6,8-Cl, 

OPhCl-p 

CHOHPip 

h 

208-209  dec 

42 

C;,H„CI,N,0, 

C.H.N 

8 

6,8-Cl, 

OPhCl.(3,4) 

CHOHPip 

Me.CO* 

196-198  dec 

51 

C„H„C l.N,0, 

C,  H,  N,  CJ 

9 

H 

NHPhCl-p 

CHOHPip 

Et0H-H,0* 

183-185 

C„H„C1N,0 

C.H.N 

9-H,0 

EtOll-H.O 

131-133 

87 

C.,H„C1N,0  11,0 

C,  H.N 

10 

6-Me 

NUPhCl-p 

CHOHPip 

EtOH-lljO' 

117-119 

89 

C;,H"C1N,0 

C,  H,  N 

11 

6CI 

NHPhCl-p 

CHOHPip 

/ 

185-187 

C„H;,C1,N,0 

C,  H 

11  11,0 

115-1 17 

C„H„C1,N,0  H,0 

C,  H,  N 

12 

6,8-Me, 

NHPhO-p 

CHOHPip 

Et0H-H,07 

228-229 

63 

C„H,6C1N,0 

C,  H 

13 

H 

a 

CHOHCHjNEt, 

HC1  EtOH-Et.O 

204-205 

IS 

C.iH^ClNjOHCl 

C,  H.N 

14 

6.8-Cl, 

Cl 

CHOHCH,NEt, 

HC1  k 

96-99 

40 

C,,H,,C1  ,N,0HC1 

C,  H” 

16 

6-Me 

Cl 

COOH 

b 

195  dec 

C,,11,C1N0, 

C,  H 

17 

6-CI 

Cl 

COOH 

b 

187  dec 

C10H,Cl,NO, 

C,  H 

18 

7-C1 

Cl 

COOH 

b 

206  dec 

CioHjCljNO, 

C.H 

19 

6,8-Me, 

Cl 

COOH 

b 

205  dec 

C„H,0C1N0, 

C,  H 

20 

6,8-Cl, 

Cl 

COOH 

b 

250-253  dec 

C,01!,CI,NO, 

C,  H 

21 

6,8-Cl, 

a 

-  COOMe 

MeOH 

167-169 

C,,H,C1,N0, 

C.H 

22 

H 

Cl 

COPy 

EtOH 

149-150 

69 

C,jH,ClN,0 

C.H.N 

23 

6-Me 

Cl 

COPy 

EtOH 

154.5-155.5 

68 

C,6H„CIN,0 

C.H 

24 

6ci 

Cl 

COPy 

d 

203-204.5 

54 

C,  ,H,C1,N,0 

C,  H 

25 

6,8-Me, 

Cl 

COPy 

EtOH 

168-169 

74 

C,,H,,C1N,0 

C.H 

26 

6,8-0, 

C1 

COPy 

EtOH 

212-214 

68 

C1SH7CI,N,0 

C,  H 

27 

H 

OPhMe-p 

COPy 

EtOH 

136-137.5 

71 

C„H„N,0, 

C.H 

28 

6-Me 

OPhMe-p 

COPy 

EtOH 

111-112.5 

82 

C„H„N,0, 

C.H 

29 

60 

OPhMe-p 

COPy 

EtOH 

87-89 

35 

C„H,SC1N,C. 

C,  H 

30 

H 

OPhCl-p 

COPy 

EtOH 

151-153 

40 

C„H,,C1N,0, 

C.H 

31 

60 

OPhCl-p 

COPy 

Me,CO-CHCl, 

163.5-165 

71 

*1 1 H ,  ;CI,N  ;0, 

C.H.N.Cl 

32 

6,S-Me, 

OPhCl-p 

COPy 

EtOH 

134-1 35 

73 

C,,Hi7CIN,0, 

C,  H.N 

33 

6.80, 

OPhCl-p 

COPy 

Me, CO 

207-208 

80 

C„H„C1,N,0, 

C.H.N 

34 

6.80, 

OPhCl,(3,4) 

COPy 

EtOH^ 

222-223  dec 

52 

C„H10Cl.N,O, 

C.H.N.Cl 

35 

(1 

NHPhCl-p 

COPy 

EtOH 

182-184 

83 

c„h,4cin,o 

C.H 

36 

6Me 

NHPhCl-p 

COPy 

EtOH 

180-182 

56 

C„H  C1N  O 

C.H 

37 

60 

NHPhCl-p 

COPy 

EtOH 

212-213 

45 

c”H  ,C1.^,0 

C.H 

38 

6,8-Me, 

NHPhCl-p 

COPy 

EtOH 

208-209.5 

79 

C„H„C1N,0 

C.H 

39 

6,80, 

NHPhCl-p 

COPy 

EtOH* 

236-237  dec 

78 

CjXAA0 

C.H.N 

40 

H 

OPhSMe-p 

COPy 

Me, CO 

174.5-176 

61 

C„H,6N,0.S 

C.H.N 

41 

11 

SPhCl-p 

COPy 

149.5-151 

C„H,,CIN,OS 

C,  H° 

42 

6.8-0, 

NHPhCl-p 

C(Py)=NPhCl-p 

CHC1, -hexane 

165-170* 

C„H,6C14N4 

C.  H,  N 

43 

H 

OPhSMe-p 

CHOHPy 

140-142 

71 

C„H„N,0,S 

C.H.N 

44 

6,80, 

PhCl-p 

C(Pip)-NOH 

264-265.5 

58 

C,,11,,C17N,0 

C.H.N 

45 

H 

Cl 

COCI 

CtH,c 

95 

C|olI,Cl,NO, 

<7 

46 

6Me 

Cl 

C0C1 

c.n.c 

125-126.5 

C,,H,CI,NO 

C.H 

47 

60 

Cl 

COCI 

C,H,C 

128-129.5 

C,„H4Cl,NO 

C.H 

48 

70 

Cl 

COCI 

C,Htc 

106-107.5 

C101I4C1,NO 

C.H 

49 

6,8-Me, 

Cl 

COCI 

C,H  ,c 

94  5-96 

49 

C,,H9C1,N0 

C.H 

50 

6.80,’ 

Cl 

COCI 

C,HSC 

109-110 

71 

c10h, ci.no 

C.H 

51 

II 

Cl 

COOI  Hr 

FtOH 

101-102 

86 

C,  i  II.BrCINO 

C.H 

52 

6-Me 

a 

COCH.Br 

EtOH 

97-98 

80 

C,,ll.r>iC!NO 

C.H 

53 

6,8-Me, 

Cl 

COC'H.llr 

EtOH 

71-72.5 

73 

C,  ,H,,BrCINO 

C.H 

54 

6,80, 

Cl 

COCH,Br 

EtOH 

98-98 

77 

CnH,Br('l,NO 

C,  HP 

55 

11 

a 

CN 

EtOH 

153-154 

78 

C.oll.t'lN, 

C.  H 

56 

6-Me 

Cl 

CN 

EtOH 

121-122 

55 

C„H,C1N, 

C.H 

57 

60 

Cl 

CN 

EtOH 

178-179.5 

63 

c(0ii4ci,n, 

C.H 

58 

70 

a 

CN 

EtOH 

145-147 

47 

C„!I4C1,N, 

C.H 

59 

6,8-Me, 

a 

CN 

EtOH 

153-154 

64 

c„h7cin, 

C.H 

60 

6,80, 

Cl 

CN 

EtOH 

174-175 

78 

cji.ci.n, 

C,  H 

61' 

II 

OH 

COMe 

EtOH 

199-200 

60 

c,(h,no, 

C.H 

62 

H 

CN 

EtOH 

141-141  5C 

67 

C,nH,FN,c 

C.H.N 

63 

6-Me 

CN 

EtOH 

121-1 22° 

63 

C.,11,1  N,c 

C,  II.  1 

64 

6CI 

CN 

EtOIl 

1 82-1 83.5  f 

49 

CiolUCllN,1' 

C,  It.  1- 

65 

6.8-Me, 

CN 

EtOH 

1 25-1 26^ 

43 

Cull,  IN, r 

C.H.N 

66 

6.8-0, 

CN 

EtOH 

1 55-1 56c 

54 

C,cH,('l.l;N, c 

C.  11.  1 

JPy  *  2-pyrtdvl.  Pip  =  2-pipendyl;  Ph  =  phenyl.  /’Partial  purification  by  solution  in  NallC'O,  and  precipitation  by  MCI,  oven  dried. 

^Vacuum  sublimed.  'k  hromatography .  AljOj.Cjllj-OICI,.  ^Chromatography ;  l  lonsil,  CHC1 ^Chromatography;  1  lorisil.  CHClj-hcxane 
^F.tOH-Ok'l,.  or  ('ll. 1*1,  (entrapment  ofCJl^  or  Me,CO  shown  by  nmr),  dried  at  100°  (0  05  nun)  (48  hr)  or  crystallized 

from  CHtCI,  'Crystallization  Horn  Me,  CO  rapidly  gave  polymorph  A;  crystallization  slowly  gave  polymorph  B  with  the  same  melting  point 
and  nmr  vCLKl,)  but  differing  in  the  ir  iKUrl  tinge:  punt  region,  the  ir  (KBr)  of  A  at  ter  solution  in  CIIC1,  and  evapo  ration  over  KBr  w.is 
identical  witii  that  of  U  (KBrl.  /Vacuum  dried  <100  )  'Sample  not  rccr  y  si. i  Hired  Solidified  at  1  75"  ,  remeltcd  it  5-2*3"  m Analv  vs 
were  within  ti  4  ;  oi  the  ory  except  .islu,Jow\  n('  calcd.  46.90, found,  47  40.  *’11  cakd,  3.4M,1ound,  3.85.  PC  ijkd,  37  W. found.  3S  15 
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Ant  ima  la  rials.  10 .  3-Substituted  a-Dialkylairiinorriethyl-2-aryl-4- 

quinolinemethanols .  ,rl 

Manuscript  which  will  be  submitted  for  publication  in  the  Journal  of 

Medicinal  Chemistry 

H.  R.  Munson,  Jx.,  R.  E1.  Johnson,  J.  M.  Sanders,  C.  J.  Ohnmacht  and 

R.  E.  Lutz* 

Department  of  *  Chemistry ,  University  of  Virginia 
Charlottesville,  Virginia  22901 


Abstract  41 ,6 ,8-Trichloro-2-phenyl-4-quinoline  aminoalcohols  with  a 
fourth  group  in  the  3-position,  Cl,  F  or  OMe ,  were  synthesized  for 
antimalarial  tests,  A  new  modification  of  the  Pfitzinger  reaction 
was  successful  with  a-haloacetophenones ,  utilizing  methoxyethanol  and 
trace  amounts  of  KOH.  The  3-halo  aminoalcohols  were  made  via  diazo- 
methylation  of  the  acid  chlorides;  and  the  OMe  derivative  was  made 
via  the  4-quinaldehyde  and  methylenation.  The  3,4',6,8-Cl4  and  3-F-4', 
6,8-Cl3  compounds  were  curative  against  Plasmodium  berghei  in  mice  at 
10-40  mg/kg;  they  were  moderately  phototoxic,  in  animaLs. 


3-Halo  and  3 -met  ho -cy  2-aryl-4-quinoline  aminoalcohols  J^-4  were 
synthesized  for  comparison  with  the  highly  curative  antimalarial  7s3  to 
gain  further  information  concerning  earlier  indications  that  phototoxi¬ 
city  in  2-aryl  types  paralleled  electronegativities  of  4 ' -substituents3 
C1>CH3>0CH3,  and  is  decreased  by  the  combination  of  3-Me  and  2' -Cl 
which  must  sterically  interfere  with  coplanarity  and  effectiveness  of 
conjugation  of  the  n-systems3  (eg  _5,_8,;94).  This  work  when  started  was 
given  impetus  by  the  postulate  that  phototoxicity  of  a  final  drug  might 
be  anticipated  from  phototoxicity  of  the  cinchophen  from  which  it  was 
made,  and  from  the  finding  that  3-bromocinchophen  ( 11 )  was  not  photo¬ 
toxic.  However,  this  factor  per  se  now  seems  inconsequential  in  light 
of  the  effectiveness  of  l_2a  for  treatment  of  acute  malarial  in  clinical 
trials  on  man2^»c  where  photosensitivity  proved  to  be  a  minor  considera 
tion. 


-30- 


-38- 


Chemist  rv 

Attempted  addition  of  2-PvLi5  to  3-bro;nocinchophen  ( lle ) 
having  failed,  aminoalcohol  1  was  synthesized  by  the  classical 
route“a  outlined  in  Scheme  1:  diazomethy lation  of  the  acid 
chloride  17 ,  hydrobromi nation  of  the  diazoketone,  NaBH4-K0H 
reduction  of  bromoketone  _21  to  the  epoxide  2_4,  and  condensation 
with  NHBu2. 

Attempts  to  make  intermediate  cinchophens  _12  and  _13  from  the 
isatin  and  the  highly  reactive  2-haloacetophenones  by  modified7 
Pfitzinger  procedure  were  unsuccessful,  but  3-methoxycinchophens 
14  and  15  were  obtainable  by  this  method70 using  the  less  reac¬ 
tive  oc-methoxyacetophenones .  A  new  procedure  was  then  developed 
for  the  reaction  with  a-haloacetophenones  using  methoxyethanol 
as  solvent  with  smaller  amounts  of  KOH,  which  gave  3-halocincho- 
phens  11-_13_  in  good  yields.  Since  neither  _12  nor  its  Me-ester 
reacted  with  2-PyLi  under  the  usual  conditions0 ,  the  3-halo 
cinchophens  JL2  and  13  were  converted  into  aminoalcohols  2  and  3 
by  the  classical  route2  as  illustrated  in  Scheme  I. 


Scheme  1. 


COOH 


H  KOH 
MeOCHj  CH2.OH 

XCHjCOAr 


X*Br, Cl ,F,0Me 
Ar-aPh  or  sf.  IPh 
4  ~  nolyl 


CJC0C1  « 
17-20 


.QC0C^3Br 
21  -23  ' 


R 

11  H 

11  6,8-ci, 

13  6,9-Gl- 

vw 

1  5*  6,9-Ctt 

7-ci 


H 

Cl 

Cl 

H 

Cl 

Cl 


X 

Cl 

F 

me 

GXe 

ei 


Diazomethy lation  of  3-methoxy-6 ,8-dichlorocinchophen  acid 
chloride  (20)  and  hydrobromination  failed  to  give  the  desired 
bromomethyl  ketone  (loss  of  3-OMe  was  shown  by  ir).  A  synthetic 
approach8  through  the  4-hydroxycarbostyryl  to  4-quinaldehyde9 
was  then  successfully  applied  to  make  compound  as  outlined 
in  Scheme  II,  starting  from  6 ,8-dimethyl-4-hydroxycarbostyry 1 
(27),  chosen  instead  of  the  preferred  6,8-Cl2  analog  where  re¬ 
ported  yields  were  low90  .  This  involved  conversion  into  the 
2-amino  glyoxal  acetal  28,  condensation  with  MeOCH2COPhCl£, 
hydrolysis  of  29_  to  4-quinaldehyde  30,  methylenationio  to  epoxide 
31,  and  condensation  with  NHBu2  to 


Schewo  JX  . 


-39-  -39  - 

Antimalaria1,  Acti  v !  ties.  Table  I  Includes  test:  results  against 
P.  bergbai  in  mice  v method  of  Rane11)  and  photoxicities*  on  four 
new  3-substituted  4-quinoline  amincalcohoLS  1-4,  and  also  on  5-92’4 
for  comparisons.  Of  _l-4,  the  3-Lluoro  derivative  3  was  the  -most 
active  (at  2.5  mg /kg)  and  curative  at  10  mg /kg  .  — 


TABLE  I. 

Ant [malarial  Activities^  Against  — '  ^rc)^e i  In  Mice 


Cpd. 

WR 

No. 

Substi tuents 

IHST  (days)b. 
Dose, 

C  ( cures)0'’ 
n  3/ kg 

Phototc 

M£Df 

5x1  ci  ty* 
(ml ce) 
mg/Vg 

R 

R'  . 

X 

10 

20 

40 

80 

160 

320  Ip, 

2 

140089 

6,8-CIs 

4-C 1 

Cl 

6.4 

8.2 

1C 

3C 

3C 

5C 

50 

3 

149105 

6 1 8~  C 1 2 

4-C1 

F 

1C 

2C 

3C 

5C 

5C 

5C 

100 

X 

157307 

6,8-MCj; 

4-C1 

OMe 

0.7 

4.) 

6.1 

8.1 

14.1 

4C 

100 

5s 

42934 

6 , 8-  C 1 2 

4-C  1 

Me 

7-2 

10 .6 

1C 

2  C 

2C 

SC 

12 .5 

6h 

29252 

6,3-Cl2 

4  -  C 1 

H 

2C 

3C 

4C 

5C 

5C 

5C 

25 

Sft.h 

28316 

5,3-;.;oa 

4-C  1 

H 

f.9 

10.1 

no 

4C 

4C 

5C 

- 

r 

30090 

6 , 8  -  C 1 2 

3,4-Cla 

H 

15 

3C 

6C 

8C 

10C 

10C 

50 

8s 

.53)88 

&  j 8~  C ) 2 

2,4- C 1  a 

H 

1.0 

3-5 

9.1 

2C 

3C 

4c 

12.5 

9s 

63489 

6,8-Cl2 

2,4-Cla 

Me 

0.3 

1-3 

1.7 

7-1 

IC 

2C 

100 

1_ 

12147J 

H 

H 

Br 

0. 1 

0.  1 

0-3 

Neg 

aSee  ref.  11.  ^IMST=IncrGase  in  mean  survival  time  in  days;  c?d.  consid¬ 
ered  active  when  IMST  is  at  least  twice  that  of  controls  (6  days).°C= 
Number  of  cures  (mice  surviving  60  days)  of  test  groups  of  five  mice, 
d’rest  groups  for  ]  were  ten  mice.eHef.  J.  XMED  =  Min.  effective  dose. 

Sfief.  4.  hRef.  2a. 


The  results  for  the  6 ,8-dichl oro-2- (p-chlorophenyl) 

And  dichlorophenyl  compounds,  2, 5,5,1?  and  7_,S.,9.,  show  that  as  the 
bulk  of  the  3-substituent  increases  Th<F<C1<Mg)  the  antimalaria  1 
activities  decrease  in  that  order,  6>3>22>  5  and  (7  »<3  >  3_,  parallel¬ 
ing  the  Taft  steric  parameter  Es  (Table  Il7  which  has  been  used  by 
Hansch  >:x  in  quantitative  multiparameter  structure-activity  correla¬ 
tions.  The  relationship  can  be  seen  at  10-20  mg/kg  and  is  more 
pronounced  at  40-80  mg/kg.  Activity  decreases  as  Es  becomes  more 
negative.  The  same  effect  is  observed  for  the  isomeric  2- (dichloro¬ 
phenyl  )  series  and  2_  with  regard  to  the  ortho  position  in  the 
2-phenyl  ring.  A  comparison  of  the  activities  of  2  and  8  shows 
that  the  3  and  2' -positions  are  similar  in  effect  for  Cl  as  subst¬ 
ituent.  One  exolunation  for  this  Is  that  inhibition  of  coplanarity 
of  the  2-phenvl  and  quinoline  rln^s  reduces  antimalarial  activity. 


m 
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Tablo  II.  St.ructnrc-AoH  vlt.y  Parameters  I  of  3-X-2-Aryl- 
4- auinolinemet hand s  Against  P.  bervhei  In  Mice. 

- - - C1 


log  i/c  =  O.661  (±0.34)Es-3  +  0.324(±0.25) 


nr  s 
5  0.962  0. 104- 


log 


cpd 

X 

Ec; 

n 

am 

_ OP 

MR 

MW 

0  s  d . 

calc.  A. 

log  1/ 

6 

H 

1.24 

0 

0 

0 

1.03 

1 

1.641 

1.644 

-0.003 

3 

F 

0.78 

0.10 

0.34 

0.06 

0.92 

19 

1.462 

1.340 

0.122 

±b 

OMe 

0.69 

-0.33 

0.12 

r*- 

CM 

O 

1 

7.87 

31 

1. I65b 

1.280 

-0.115 

2 

Cl 

0.27 

0.59 

0.37 

0.23 

6.03 

35 

0.955 

1.003 

-0.048 

5 

Me 

0 

0.68  - 

0.07 

•  — 

0. 17 

5.65 

15 

0.86? 

0.824 

0.043 

aCalcd.  using 

equation 

.  DbValues  calcd. 

for  6,8-Cla  analog  (3.?x6A) . 

Recently  Hansch  and  Craig13  reported  on  the  antitnalarial 
structure-activity  relationships  for  a  series  of  phenanthrene  amino- 
alcohols  as  determined  by  multiple  parameter  analysis  and  b/  additivity 
methods;  and  Craig14  reported  on  the  Free-Wilson  analysis  of  2-phenyl- 
quinoline-4-aminoalcohols .  It  was  concluded  that  both  1-octano  -water 
partition  coefficients  (tt)  and  electronic  parameters  (r)  could  account 
for  most  of  the  biological  variation  for  members  of  these  series.  For 
the  quinoline  series,  the  relative  magnitude  of  these  factors  were 
separated  sccording  to  functional  group  and  position* 4.  When  the 
nature  and  position  of  all  other  substituents  are  held  constant  for 
the  3“X-phenylquinoline  system,  the  steric  effect  of  the  3-y^hsti tuent 
for  compounds  2-6  can  be  expressed  by  the  equation  in  Table  lx  using 
the  method  described  by  Hansch13.  This  is  the  best  single  paremeter 
equation  (Flj3  =  37.2,  Fx,je<.0.ol  =  34.1)  for  the  limited  set  of 
compounds. 

The  methoxy  derivitive  4  which  carries  6,8-dimethyl  rather  than 
the  preferred  6,8-dichloro  ,  has  considerably  lower  antimalarial 
activity  than  expected  for  the  steric  effect  of  the  raethoxyl  group 
alone.  Obviously  this  is  because  6,8-dichloro  is  a  much  better 
auxopharmacophoric  combination  than  6, 8-dimethyl14,  e.g.  Comparison 
of  ED60  values  for  increase  in  mean  survival  times  (P.  berghel  in 
mice)  by  the  6,8-dichloro  compound  6  with  those  of  the  6 ,8-dlmethyl 
analog  6A,  shows  the  former  to  be  3*7  times  more  potent  .  And  the 
2-2~ohlorophenoxy  analog  of  6,8-dichloro  compound  6  is  5  times  as 
active  as  the  6,8-dimethyl  analog16. 

No  relationship  is  obvious  between  planarity  of  the  total n  system 
and  animal  phototoxicities  for  any  of  the  analogs  except  J5,  8  and  £ 
(cf.  discussion  by  Rothe  and  Jacobs33).  Recent  results  from  clinical 
trials3*3-6  with  2  has  cast  considerable  doubt  on  the  correlatability 
of  phototoxici ty in  animal  models  with  that  shown  in  man,  as  £  was 
shown  to  be  both  prophylactic  and  effectively  curativesC1  for  acute 
malaria  caused  by  several  strains  of  P.  falciparum  with  no  observed 
adverse  side  effects  and  phototoxicity  a  minor  consideration1 1 . 

Compound  1_  and  the  new  isomer  2_  have  equal  phototoxicities  in 
animals,  but  2  has  half  the  antimalarial  activity  of  1_.  The  3- 
fluoro  compound  3,  on  the  other  hand,  is  considerably  more  active 
than  1_  against  P.  berghel  and  half  as  phototoxic;  it  therefore 
appears  to  be  a  better  candidate  then  was  7  for  clinical  trial  in 
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Exper  in.ent.al  iy c o ion 

r/ 

4-  and  6-Chl oroj snti nc  were  prepared  from  i  sonitroso-3- 

chloro-acctani lide ,  cyclizing  in  coned  HeS04  (80°),  and  separating 
by  fractional  precipitation  by  H'f 

2- Methoxy-4' -cnloroacetophenone^  .  Mp  65-66°;  nmr  (CDC13) 
b,  3.15  (s,3),  4.69  (s,2),  7.35-8.10  (ra,4). 

New  Modification  of  the  Pfitzinger  Reaction.  3 ,4 1 , 6 , 8- 
Tetrachlorocinchophen  (12)  (13.  made  similarily ) .-  To -a  suspension 
of  21.6  g  (0.1  mol)  of  5,7-dichloroisatin  and  18.9  g  (0.1 
mol)  of  a, 4* -dichloroacetophenone  in  2-methoxyethanol  (300  ml, 
stirred,  10  rain)  was  added  K0H  (48  mg,  stirring,  18  hr).  Slow 
addition  of  coned  HC1  (250  ml)  followed  by  EtOH  (to  suspend  the 
precipitate),  cooling  (30°),  basification  (to  pH  11,  10<j  NaOH', 
filtration,  and  acidification  (to  pH  3,  10$  HCl) ,  gave  12  (25.3  g, 
65<*) ,  mp  245-250°  dec.  Use  of  2-propanol  or  DMF-EtOH  mixture  gave 
12-25<|  of  12;  and  use  of  Me0CH2CH20H  gave  554  (10$  unreacted) 

and  a  very  low  yield  of  14. 

3- Methoxy-6 ,8-dichlorocinchophen  (l4.)^C^’  rG^  ^  .  Nmr 

(Me2C0-j33):  6  3.7l  (s,3,CH3),  6.96  (broad  s,  cone  dependent,  1, 

CQOH),  7.83  (m, 7, aromatic). 

16 

The  2 - A rylquino 1 in e - 4 - c a r b ony 1  C h 1 o r i d e s  17-20  were  made 
from  11-14  by  excess  S0C12  ( 1-1.5  g/10  ml,  reflux  2-3  hr),  distilling 
and  coevaporating  with  benzene  to  remove  S0C12,  solution  of  pro¬ 
duct  in  hot  CH2C12,  filtration  (Celite),  evaporation  and  cooling. 

3-Fluoro-6,0-dichloro-2-(4l -chlorophenyl)-4-quinolyl 
Bromomethyl  Ketone  (23)  (2^  and  22  were  made  similarly).-  To 
stirred  350  ml  of  Et20-CH2N2  (0.7  mol)  was  added  5.6  g  (0.014 
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mol)  of  19  { la  hi:),  and  Chen  20  ml  of  coned  il'ir  (3  hr).  Washing 
the  Et20  solution  (H20),  drying  (MgS04),  evaporation,  and  slurrying 

the  residue  (petroleum  ether,  30-60°),  gave  5.64  g  (87$),  mp 

153-163°  dec.  [In  the  case  of  22  Et20-C1I2N2  was  added  to  18^  in 

CH2C12  (stirring,  0°)J.  After  workup  by  solution  in  Me2CO, 

evaporation,  trituration  with  MeOH,  and  crystallization  from 

Me2CO,  the  product  gave  unsatisfactory  analysis  and  was  shown  to 

contain  at  least  one  important  minor  compd  (tic,  benzene-MeOH) ; 

however,  spectra  showed  that  the  bulk  of  the  mixture  was  23,  which 

■in  the  next  step  gave  26. 

3,6,8-Trichloro-2-(4'  -chlorophenyl) -4 -quinoline  Et'ny lene  Oxide 
( 25)  (26  ar.d  3JL  were  made  similarly).  To  a  soln  of  22.  (3  g,  6.46 
mmol)  in  50  ml  of  THF  was  added  a  soln  of  1.25  g  (3.30  mmol)  of 
NaBH4  in  14.5  ml  of  3$  K0H-H20,  followed  by  addn  of  40  ml  of  THF 
and  20  ml  of  EtOll  to  effect  soln  (stirred  1  hr);  25  (2.1  g)  pre¬ 
cipitated. 

a-(Pi-n-buty laminomethyl) -3 ,6 .8-trichloro-2-(4l -chlorophenyl) -4- 
quinolinemethanol  (2)  (3  was  made  similarly).  A  mixture  of  3.2  g 
(8.27  mmol)  of  25  and  6  ml  of  NH8u2  was  heated  (stirring,  17  hr, 
132°),  vac  evaporated  in  vacuo  to  remove  NHBu2  (80°).  Trituration 
with  hexane  and  cooling  gave  2  (4  g). 


3-Bromo-o- (di-n-buty laminomethyl ) -2-phenyl-4-quinolinemethanol -2 
HC1  fl).  Solution  of  21  (2  g,  5  mmol)  and  NUB.u2  (1.3  gT  10  mmol.) 
in  Et2Q  (standing,  dark,  room  temperature,  8  hr),  filtration 
(removing  6.2  g  (94$)  of  NHBu2>HBr),  vacuum  evaporation  (70°), 
solution  of  the  residue  (EtOH,  under  N2),  addition  of  NaBH4  (15  g, 
39.5  mmol),  stirring  (0.5  hr),  basification  (dil  NaOM,  to  pH  ll), 
extraction  with  Et20,  drying  (MgS04),  vacuum  evaporation,  solution 
in  dry  Et20,  and  addition  of  Et20-HCl,  gave  1  (0.5  g). 


-43- 


-43- 


3 -Methoxy-o  ,8 -dime  thy  1-2- (4*  -chloropheny  l)  -4 -quinaldehvde 
Dimethyl  Acetal  (29).  A  solnof  MeOCK2COPhCln  (4.5  g)  and  27^  (5.18 
g;  MeOH,  40  ml),  was  added  rapidly  to  a  stirred  MeOK  solution  of 
0.57  g  of  N a  (30  ml).  Refluxing  (4.5  hr,  precipitate  appeared 
after  3.5  hr),  cooling  (-5°),  filtration,  and  washing  (MeOH,  O’), 
gave  29  (7.88  g  including  recovery  from  filtrate). 

3 -Me  t hoxy - 6  , 8 - d  itne  thy  1  - 2  -  ( 4 1 -c  h 1 o r opheny 1 ) - 4 - q  u in  a  1 d  ehy  d  e  (30) . 
A  solution  of  29  (5  g)  in  5:1  dioxane-HaO  (60  ml)  plus  1  ml  of 
cone  HC1,  was  refluxed  (35  min).  Addition  of  .ll20  (40  ml)  and 
cooling  (5°)  gave  30  (4.27  g) .  Epoxide  31  was  made  from  30_  by 
methylenation^  and  converted  into  aminoalcohol  4  by  NHBu2  (3.5  hr, 
145-150°  and  14  hr,  110°). 

Toward  a  New  Synthesis  of  5-Substituted-2-phenyl-4-quinoline 
Amin jalc ohols  (Scheme  III).  The  Schmidt  reaction  on  a,p-dibromo- 
cis-chalcone  (3^)  gave  3,4-dibromo-2-phenylquinoline  (33_'7).  From 
a  quantity  of  33  prepared  by  the  Kaslow  bromination  procedures, 

fO 

34 -v  35  33  ,  a  small  amount  of  tribromide.  36  was.  isolated,  which 

became  the  predominant  product  of  bromination  by  POBr3  in  DMF . 

The  reaction  of  3 ,4-dibromo-2-phenylquinoline  (33)  with  Cu Ctt- 

DMF  (reflux)  Rave  a  difficultly  separable  mixture  which  was  shown 
by  mass  spectrum  to  be  mono  and  3 ,4-di-nitriles  J7  ar>d  3f>  in  a 
ratio  dependent  on  reaction  time  (57/43  after  1  hr  and  36/64  after 
4  hr).  Obviously  the  3 -Br,  relatively  inactive  in  33,  is  activated 
in  37  by  the  4-CN.  Use  of  highly  polar  DMF  as  solvent  for  P0Br3 
brominations,  and  displacements  of  4-Br  by  CN,  thus  appear  to  be 
potentially  useful.  There  is  the  possibility  for  selective  4- 
metalation  of  33  by  BuLi  and  subsequent  reaction  with  C02  or  2- 
pyrtdaldehyde ,  or  reaction  at  the  4-CN  of  37,  for  creation  of  the 

aminoalcohol  chain.  A  start  was  made  toward  synthesis  of  the 

ty 

3 ^4* ,7-trichloro  analog  of  2,  from  cis  pClPhCCl=CClCOPhCl£. 


44- 


-44- 


Acknow Ledapaent: .  Because  only  test  data  on  5,  8_  and  9.  have  been 
published,  chemical  data  by  J,  Riedmaier  and  J.  Christensen 

are  included  here  with  their  permission. 4  'A?e  qre  grateful  to 
Dr.  S.  W.  Page  (WRAIR) f or  providing  the  biological  data,  and 
to  i'irs .  E.  Zacharias  (A.  H,  fiottns  Co.)  for  programming  assistance. 


Footnotes  and  References 

"Contribution  No.  of  the  Army  Research  Program  on  Malarial. 

Work  initiated  under  a  University  of  Virginia  Teaching  Assistantship 
(R.  E.  J.).  Supported;  (a)in  large  part  by  the  U.  S.  Army 

Medical  Research  and  Development  Command,  Office  of  the  Surgeon 
General,  Contract  No.  Da-48-193-MD-29UC',  R.  E.  Lutz,  Responsible 
Investigator;  and  (b)in  part  by  National  Science  Foundation  grant 
8631;  Postdoctoral  (Postgraduate)  Research  Associates;  H.  R.  M. , 

J.  M.  S.,  C.  J.  0.,  (R.  E.  J.).  Antimalarial  and  phototoxicity 
test  results  were  supplied  by  the  Walter  Reed  Army  Institute  of 
Research. 

*To  wnom  inquiries  may  be  addressed  (Hr  R.  M. ,  A,  H.  Robins 
Co.,  Richmond,  Virginia  23220). 

^ Satisfactory  spectra  were  obtained.  Instruments:  n\P ,  Thomas- 
Hoover  Apparatus;  irj  Perkins-Elmcr  337,  nmr,  Matachi  Perkln-Elmer 
R-20;  mass  spectrum,  Hitachi  Perkin-Elir.er  RMU  6E.  •  Microanalyscs 
by  Gallhraith  T.ab.  ,  Inc.  were  correct  wLtbm.tO.44. 


-45- 


-45- 

(l)il.  R.  Munson,  Jr.,  J.  R.  ShanKlin,  Jr.,  C.  .1,  Ohnmae'nt ,  Jr., 


J.  M.  Sanders,  A.  R.  Patel,  C.  R.  Wetzel,  F.  C.  Davis,  R.EJohnscn, 
and  R.  E.  Lutz  (work  presents!  in  part),  21st  Southeast  Regional  Meeting 

of  the  American  Chemical  Society,  Richmond,  Va. ,  Nov.,  1969,  Abstract  225. 

(2)(a)R.  E.  Lutz,  P.  S.  Bailey,  M.  T.  Clark,  J.  F.  Codington,  A.  J. 

Deinet,  J.  A.  Freek,  G.  H.  Hnrnest,  N.  H.  Leake,  T.  A.  Martin,  R.  J. 

Rowlett,  Jr.,  J.  M.  Salsbury,  N.  H.  Shearer,  Jr.,  J.  D.  Smith  and 
J.  W.  Wilson,  III,  J.  Amor.  Chem.  Soc .  .  68,  1013  (1946);  (b)D.  C. 

Martin,  J.  D.  Arnold,  D.  F.  Clyde,  M.  A1  Ibrahim,  P.  E.  Carson,  K.  H. 

Rieckmann,  and  D.  Willerson,  Jr.,  Antimicrobial  Agents  and  Chemotherapy, 

3,  214  (1973);  (c)D.  F.  Clyde,  V.  C.  McCarthy,  C.  C.  Rebert,  and 
R.  M.  Miller,  ibid,  3,  220  (1973);  (d)c.  J.  Canfield,  A.  P.  Hall, 

B.S.  MacDonald,  D.  A.  Neuman,  and  J.  A.  Shaw,  ibid .  3,  224  (1973). 

(3) (a)W.  E.  Rothe  and  D,.  P.  Jacobus,  J.  Med.  Chem.,  11,  366  (1968); 

1  1 

{b)W.  L.  Fowlks,  J.  Invest.  Dermatol.,  32,  223  (1959). 

(4) j,  Christensen  and  J.  Rtedmaier,  Aldrich  Chemical  Co.,  Milwaukee, 

Wis.,  U.S.  Array  Medica'l  Research  and  Development  Command,  Contract 
DA-49-l93-MD-27fc>6, Second  Annual  Report,  July  15,  1966-July  15,  I967, 

prep(5)$?  ft? Boykfn,  JrFf^’R.  Patel,  and  R.  E.  Lutz,  J.  Med.  Chem.. 

11,  273  (1968). 

(6) K.  Feist  and  M.  Kuklinski,  Arch.  Pharm, ,  274,  244  (1936). 

(7) (a)R.  N.  Dupois  and  H.  G.  Lindwall,  J.  Amer.  Chem,  Soc.,  56, 

471,  2716  (1934);  (b)H.  G.  Lindwall  and  J.  S.  MacLennan,  ibid.  54 

4739  (1932);  (c)ll.  R.  Henze,  J.  W,  Melton  and  E.  A.  Forman,  ibid,  70 
2622  (1940;  (d)W.  Dilthey  and  C.  Thelen,  Ber.,  58,  1588  (1925). 

(o)j.  M.  Sanders  and  R.  E.  Lutz,  to  be  published. 

(9) E.  Ziegler  and;  (,a)K.  Gelfert,  Mon .  Chom.  .  90,  822  (1959); 

(b ) R .  Salvador  and  Th.  Kappe,  ibid,  93,1373  (1962);  (c)R.  Wolf  and 
Th.  Kappe,  ibid.  96,  418  (1965);  (d)Th.  Kappe,  ibid,  9£,  889  (1965); 

(e)Th.  Kappe  and  H.  G.  Foraita,  ibid.  97 ,  409  (1966). 

(10) E.  J.  Corey  and  M.  Chaykovsky,  J,  Amer.  Chrm,  Soc . .  84 ,  866,3702(1962) 


-46-  -46- 

(11) 7.  S.  Osdcne,  P.  B.  Russell  and  L.  Rane  .7..  Mod,  Chem.,  10,  431  (1267). 

(12) L<$Q‘  Hansch.  Accounts  of  Chen.  Res.,  2,  232  (1969) ;  (b)E*.  Rutter  and  C. 
Hansch,  J.  Med.  Chem..  12,  647  ( 1969  )■  /ci  C.  Hanck  J .  Org.  Chem.  ,  35,  620  (1970). 

Q3)  P.  H.  Craig  and  C.  H£«sch,  J.  Med.  Chem. .  16  661  (1973). 

(14)  P.  H.  Craig,  J ,  Mod .  Chem,  .  15,  I44  (1972). 

(15)  C.  Hansch,  A.  Leo,  S.  T.  Ungar,  K.  H.  Kim,  D.  Nltaitani  and 
E.  J.  Lein,  J.  Med .  Chem. ,  16 ,  1207  (1973). 

(t6)  L.  3.  Wetzel,  J.  R.  Shanklin,  Jr.  and  R.  E.  Lutz,  J. 

Med.  Chem..  16,  528  (1973). 

(17)  A.  E.  Senear,  H.  Sargent,  J.  F.  Mead,  and  J.  B.  Koepfli,  J , 

Amer.  Chem,  Soc .  ,  68,  2692  (1946);  (b)N.  H.  Leake,  Ph.D.  Dissertation , 
University  of  Virginia,  143  (1946). 

Oif)R.  B.  Moffett  and  R.  L.  Shriner,  Org.  Syn .  .  Coll.  Vol.  HI, 

562  (1955). 

(16) j.  Buechi,  X.  Perlia,  and  M.  A.  Preiswerk,  Pharm.  Acta,  Helv.. 

41,  164  (1966). 

(17) R.  E.  Pratt,  W.  J.  Welstead,  Jr.  and  R',  E.  Lutz,  J.  Ileterocycl. 
Chem. .  7,  1051  (1970). 

(18 ) c .  E.  Kaslow,  (a)and  W.  R.  Lawton,  J.  Amer.  Chem.  Soc..  72, 

1723  (1950);  (b)and  S.  J.  Nix,  Proc .  Indiana  Acad,  Sci,,  61,  121  (1952), 
[Chem,  Abs.  .  47,  10533  (1953)1. 

(19) T.  N.  Crowe.ll,  R,  T.  Kemp,  R.  E.  Lutz  and  A.  A.  Wall,  J .  Amc r . 

Chein.  Soc..  90,  4638  (1968). 


DCp 

So. 


Quinoline  Compounds 
Subscituents 

R  R  X  H-R 

}\  M  BT  CH0HCH2N9u4 


"Yield 

ft 


a-o 


,P-r 


s-vu 


20 


mp  C 

147 dec 


Analyses' 
C25H31BrN0-2HCl 


2. 

6,B-C12 

Cl 

Cl 

CHOHCH2NBu2 

96c 

139.5-l4lP'  ^ 

OasHagC^NaO 

3 

6,8-Cls 

Cl 

F 

CHOHCH2NBu2 

87° 

124-125.5 

Ca^HaeCl3FNaOt: 

.4 

6  ?8-lle2 

Cl 

OMe 

CHOHCH2NBu2 

59d 

96-97 

C.r>eU37ClHaOa 

12 

6 ,8-Cla 

Cl 

Cl 

COOH 

65e 

253  dec? 

CieH7Cl.«NOeU 

13 

6,8-Cl2 

Cl 

F 

COOH 

C  JL  ©H7  C I3PK  0^ 

Vt 

6,8-Cl2 

H 

OMe 

COOH 

73f 

2l7-219dec 

CieHyCl^KOa 

15 

3,8-Cl2 

Cl 

OMe 

COOH 

74d 

236-237d  ecT 

^i7HioCl3N03t 

16 

7-C1 

Cl 

Cl 

COOH 

52e,S 

272decp 

CleH8Cl3N02U 

17 

H 

H 

Br 

C0C1 

49h 

148-149  P,q 

18 

6,8 -Cl2 

Cl 

Cl 

C0C1 

•vd 

CO 

148-150P 

CieHeCl5NOU 

19 

6,8-Cl2 

Cl 

F 

C0C1 

50i,j 

168-169.5 

CJ.sHeCl4FNOt 

20 

6 ,8-Me2 

H 

OMe 

C0C1 

89h 

155-157 

Ci7HaoCl3N02,: 

39 

6,8-Cl2 

H 

OMe 

conh2 

_k 

252-254 P 

Ci7Hi2ClaN202^ 

32 

6,8-Cla 

Cl 

Cl 

COOMe 

87  i 

207-207.5 

c17h9ci4no2u 

33 

7-C1 

Cl 

Cl 

COOMe 

- 

200-201 

Cx?Hi oC1sN02 

29 

6,8-Me2 

Cl 

OMe 

CH ( OMe ) z 

91f 

154-155 q 

C2iH2aClN03C 

30 

6, 8 -Me 2 

Cl 

OMe 

CHO 

97f 

136-137  q 

CisHxeClNOa11 

21 

H 

H 

Br 

COCHaBr 

60l 

95-96 

Ci7Hi xBr2C0V 

22 

6j8-C12 

Cl 

Cl 

COCH2Br 

R.m,  n 

95° 

193-193.5 

Ci7HoBrCl4N0 

?3 

?5 

?G 


il 


6  ,8-Clg 
6,0-Cla 
G,0*Cla 


6  ,8-Me2 


Cl 

Cl 

Cl 


Cl 

Cl 


F 

Cl 

F 


OMe 

Me 


5-HCl  6,8-Cl, 

8~HC1?  6,8-Ci;  2',4’-Cl2H 

9-KC14  6,8-Clf  2', 4' -Cl,  Me 


C0CHaBr 


CH  : 
CH- 


CM 


64g,n,°  178-180 
-CH2  g3c  219-219.5 


CivHaBrClaFNO11 

Ci7H0CIvNOu 


-CH2  46C'n,°  173-179  C17H9Cl3n<"Ot 


■  CHp  50 


f,n 


101-105o 


_q 


ai2aicH2NBu2 


187-189 


193-193. 5°  C^H^Cl^O^C 
178-180a  ,  C26H31CI5N2° 


Footnotes  to  Table  II 


aReaso'nably  pure  material  unless  otherwise  specified:  recrystallized 
from:  ^enCi'CH-O-IeaCH)  20;  cAcOEt;  dEt20;  CEt0H;  fEt20-hexane;  ^Me2C0; 
hhexane;  ^"CHsCl^hexane;  ^vac  sublimed  (140°/0.15  mm);  ^CHCls-hexane; 
^"cyclohexanone;  apetroleum  ether  (65-100°);  npartially  purified;  °Me2C0- 


CH2C12;  PIr  (KBr) ,  cm-1:  2960,  2870,  1460,  1380  (CH3)j  2870,  2830, 

1460  (CH2);  1595,  1540,  14$0,  1450  (aromatic).  12,  1710,  i960,  2600,  3430. 
16,  (from  12,  CHjN2),  3450,  2525,  1920,  1720.  17,  1760,  18,  1760  (C0C1). 

22,  145 0,  1490,  1540,  1600,  1720,  1390,  2960.  25,  3025,  1240,  905,  828 
(epoxide).  32,  (from  18,  CH2N2),  1268  (C-O-C),  17-40  (C-0),  2860,  2970  (OMe), 
24,  ( from  20,  NHi),  I760  (C=0),  3180,  3375  (NH2),  36,  l64o  (/-quinolone) . 
Nmr:  ( CDCl3)  g:  2,  8.89  [d,l,J=2Hz;  5-H] ,  7-70  [d,2H,J-8Hz,3‘ ,5’-H2] , 

7.63  [d, l,J=2Hz,T-H] ,  7.46  (d,2H,J=8Hz,  2',6’-H2),  5-72  [q,  1,  J=5Hz,  Oil) , 

4.38  (s,l,0H),  2.68  (m,  6,  (-CH2N(CH2-)  2] ,  1.43  (ra,4,CH2CIJ2) ,  0.83  (m,2,CH3). 
22,  7.8  (n, 3) ,  7-5  (m, 3) ,  4.48  (s,2H).  29',  2.51  (s,3,CH3),  2.78  (3,3,0113), 


3.53  (s,3 ,CH3) ,  3.58  (s,6,2CH3),  6.03  (s,l,CH0),  7.28-7.70  (m,3)  and  8.05- 
.8.40  (m,3  aromatic).  30",  2.52  (s,3),  2.79  (s,3)  and  3.69  (s,5)(3CH3),  7.50- 

7.80  (m,3),  8.05-8.35  (m,Z),  8.63  (broad  s,l),  10.93  (s,l).  31;  2.53  (s,3, 

CH3),  2.80  (s  ,3 ,CH3 ) ,  3.07-3.51  (m,2,CH2)  3.63  (s,3,CH3),  4.37  (m,l,CU), 

T  -3 

7.30-8.30  (ra, 6 .aromatic  Jl) ,  Uv,  nm(  xlO  J) :  15  (prepared  like  14),  232 
(31.8),  265.5  (32.2),  290-340  (broad  plateau,  8. 7-9-3).  SWerc  within  ±0.4£ 

t  U  V  w 

of  calcd  for  C,H,  and  for:  C,H,N;  C,H,C1,N;  C,ll»  Br,N;  crude  . but  usable 


quality;  C,H,3r,Cl,K,  calcd  (found)  C,  44.01  (44.78);  H,  1.74  (1.74);  Br, 

17.22  (15.03);  Cl,  30.56  (29.60);  N,  3.02  (3.21).  X  Syntheses  by  J. 
Riedmaier  and  J.  Christensen1  via  Scheme  I. 
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(4.03) 

16 

54.29 

2.  10 

3.82 

30.32 

(54.50) 

(2.29) 

(3.97) 

(30.16) 

18 

47.65 

1.52 

3.60 

43.75 

(47-39) 

(1.49) 

(3.45) 

(43.72) 

19 

I9.22 

1.58 

3-55 

(49.40) 

(1.55) 

(>.60) 

20 

55-94 

2.59 

3.92 

(55.70) 

(2.75) 

(3-82) 

21 

50.43 

2.82 

3.41 

39.34 

(50.40) 

(2.74) 

(3.46) 

(39-45) 

22 

44.76 

1.74 

3.21 

29.60 

15.08 

(44.01) 

(1-74) 

(3.02) 

(30.56) 

(17-22) 
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Quinoline  Syntheses 

by  lieaotinn  m"  llvtlrttzoic  Acid  with  a.^-Disiihstitiiteil  ivs-f’li.tlcones  ( 1 ) 
Robert  E.  Pratt  ( 2ac ,  3a,  lab),  William  J.  fl'elstead,  Jr.  (2b,  3b,  4c)  and  Robert  E.  Lutz 
Department  of  Chemistry,  University  of  Virginia 


Hydrazoic-sulfurie  acid  mixture  converted  cis-0:-phenyl-j3-benzovlchalcone  (frani-dibenzovl- 
stilbene,  4)  into  2,3-diphcnvl-4-benzovlquinoline  (5)  the  structure  of  v/hich  was  proved  by 
debenzovlalion  to  2,3-diphenvlquinoline.  o^-Diplienvl  and  cis-O^J-dibroinocliaicoues  similarly 
were  converted  respectively  into  2,3,4-triphenylquinoline  (19)  and  2-phenyl-3,4-dibromoquino- 
line  (20).  The  structure  of  19  was  shown  bv  difference  from  the  corresponding  isoqninoline  21 
(synthesized).  Smith  s  mechanism  for  the  analogous  conversion  of  o-phenylbenzophenone  into 
9-phcnvlphenanthridine  through  the  9-fluorenol  and  the  9-hydroazide  with  loss  of  nitrogen  and 
ring  expansion,  was  supported  by  methyl  label  experiments  using  2-(p-tolyl)benzophenone  which 
gave  a  53:47  mixture  of  3-  and  B-methvl-O-phcnylphenanthridines.  Applicability  of  the  mech¬ 
anism  to  the  reactions  with  disuhstituted  cis-chalcones  was  shown  by  sulfuric  acid  conversions  of 
two  of  these  into  indenol  22  and  2-brotno-3  phenvlindenone  (24),  respectively.  trans-Dibenzoyl- 
stilbene  underwent  resinifieation  in  sulfuric  acid,  giving  the  quinoline  (5)  only  when  hvdrazoic 
acid  was  present. 


This  investigation  stems  from  the  study  of  1,2-diaroyl 
mono  and  disuhstituted  elhylenes  where  cis-dicarbonyl 
group  interactions  seem  to  be  responsible  for  certain  of 
their  reactions  which  proceed  slowly  or  not  at  all  with  the 
trans  isomers  (5).  Tor  example,  cis-dibenzoylstilbene  (1) 
undergoes  ready  oxidative  reanangement  with  carbon-to- 
oxygen  migration  of  the  bulky  vinyl  moiety,  giving  the 
enol-benzoate  2,  whereas  under  similar  conditions  the 
trans  isomer  4  is  inert  (4c,  5b).  Hydrazoic-sulfurie  acid 
mixture  also  brings  about  oxidative  rearrangement  of  1 
but  with  earbon-to-niirogen  migration  of  the  vinyl  moiety, 
giving  the  enamine  benzoate  3  (5b, 0,7). 


PS  Ph  Ph  PS  PS  PS 


For  comparison,  franx-dibenzovlsfilhciic  (4)  was  .  Iso 
subjected  to  the  conditions  of  the  Schmidt  reaction 
because,  without  the  proximity  ol  the  carbonyl  groups, 
slow  reaction  or  none  at  all  was  expected.  However, 
reaction  •  1 1< I  on  nr  r.ipidlv.  aivint;  2.3-dipliciiy  I-  l-benzovl 
quinoline  (5).  the  structure  ol  which  w.o  ussiened  on  the 
basis  ol  it-  jirojiertie-  mil  on  lir-l  hut  innirrn  t  ideas  eon 
eernine  the  met  luui.-m  1 9a  below).  I  his  reaction  had 
seemed  to  lake  pl.ii  e  with  retention  ol  the  trims  eonlie- 


uration  of  4  by  attack  of  hydrazoic  acid  at  a  carbonyl 
group  followed  by  c\  rlization  involving  the  sterically 
adjacent  phenyl  group,  an  overall  and  typically  facile 
cis-group  interaction. 


The  structure  of  quinoline  5  was  proved  by  base- 
induced  hydrolytic  debenzovlalion  to  the  known  2,3- 
diphcnylquinoliiie  (6)  which  was  identified  by  comparison 
with  a  sample  prepared  by  decarboxx  lation  of  3-phcnvl- 
ciuchophen  (7)  (If). 

Attempts  to  synthesize  quinoline  5  from  7  were  unsuc¬ 
cessful  because  of  the  excessive  sterie  hindrance  at  the 
(  carbonyl  group.  I  In-  methyl  ester  and  the  nitrile  ol  7 
were  unreactivc  toward  phenvlhthiiiui.  Attempted  (ini'- 
nard  and  lriedelt  .rails  comlensatioii'  ol  benzene  with 
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the  arid  chloride  <>t  7  rang'd  intramolecular  dehydro- 
hulogeualion  to  a  nrw  compound  for  Iii>  h  the  tetracyclic 
lluorrnone-type  structure  8  is  suageslrd  on  the  basis  of 
analysis  and  ultraviolet  and  infrared  spectra. 

Formation  of  the  ipiinoline  5  hv  attack  of  livdra/oie 
acid  at  the  sterically  hindered  carhouv  I  croup  seemed 
unlikely  although  siihseipient  ring  closure  9a  with  the 
proximate  phenyl  croup,  would  then  he  possible,  facili¬ 
tated  by  the  buttressing  effects  of  nearby  croups.  Carbon- 
to-nitrogen  migrations  in  9  are  excluded  because  phenyl 
group  migration  would  have  given  an  anilide,  and  hecause 
migration  of  the  vinyl  moiety  followed  by  eydization  9bc 
would  have  led  to  isoqninoline  10  rather  than  to  5.  A 
mechanism  involving  hvdrazoic  acid  (3-attack  on  the  chal- 
eone  system  of  4  seemed  unlikely,  on  sterie  grounds,  and 
because  it  would  not  lead  directly  to  quinoline  5. 


In  an  analogous  reaction  Smith  (9)  converted  o-phcnyl- 
benzophenone,  containing  the  cis-a^-disnbstituted  cbal- 
cone  system,  to  6-phcnylphcnanthridine,  first  proposing  a 
mechanism  of  type  9a  which  requires  the  sterically 
unlikely  initial  attack  at  a  carbonvl  group,  and  which  is 
excluded  in  the  cases  of  the  chalcones.  He  later  (6) 
suggcsteil  a  preferable  mechanism  which  is  without  the 
sterie  objection  and  which  would  account  both  for  his 
results  and  ours,  namely:  cyelodchydration  to  the  9- 


fiuoreny I  cation  and  tin:  hydroazidr,  followed  b\  ring 
expansion  by  luigiatioii  ol  one  arm  ol  the  lluorenvi 
system  to  nitrogen.  I  In-,  ’iiechani.-m  wa>  put  to  lot  ii-ine 
the  methyl  labeled  analog,  u-tolvlbenzopheiioue  (11). 

The  ■A  nthc.-ia  ol  11  was  accomplished  by  a  Diels' -Alder 
condensation  of  butadiene  and  Iran.s-p'-methvh  hah  one 
lollowed  by  .-nllur  dehydrogenation,  a  scheme  successfully 
used  in  another  series  (10).  The  Schmidt  reaction  con¬ 
verted  11  into  a  mixture  ot  d-  and  tt-methvl-6-phenanthri- 
dines  (14  and  15)  from  which  pure  3-inethvl  isomer  14 
was  isolated  by  fractional  crystallization  and  identified  by 
mixture  melting  point  and  infrared  comparison  with  a 
sample  synthesized  according  to  Ritchie  (II).  The  8- 
methyl  isomer  15  was  not  isolated  from  the  remaining 
constant-crystallizing  mixture  but  its  presence  and  concen¬ 
tration  were  shown  by  nmr  analysis  utilizing  the  3-mcthvl 
peak  (6  2.56)  of  14  and  the  second  peak  of  the  mixture 
at  5  2.46  which  was  assignable  by  difference  to  the 
8-methyl  group  of  the  isomer  15.  The  ratio  of  the  isomers 
14:15  of  53.5:46.5  was  strikingly  close  to  that  reported 
for  the  hvdrazoic  acid  conversion  of  2-metliv l-'t-fluorrnol 
to  the  mixture  of  the  3-  and  8-methylphenanthridi'.cs 
(12). 

Bascil  on  these  results,  the  above  Schmidt  reaction  is 
best  formulated  as  11  -*  12  -*■  13  -*•  14  +  15.  Operation 
of  a  mechanism  of  type  9a  would  have  led  to  15  only; 
the  first  Smith  mechanism  (of  tvpe  9b c,  disproved  for  4) 
would  have  led  to  isomer  14  only;  competition  between 
mechanisms  seems  most  unlikely. 

Convincing  support  for  the  assigned  mechanism  is  the 
reaction  of  o-benzophenone  with  hydrogen  bromide  to 
give  9-bromo-9-phenyIfluorene  which  is  hydrolyzed  to  the 
fluorenol  (13).  In  the  case  of  the  (rcms-dibenzoylstilbene 
4,  concentrated  sulfuric  acid  alone  caused  resinilication; 
successful  conversions  to  the  quinoline  5  required  constant 
presence  of  excess  hvdrazoic  acid  in  the  reaction  mixture. 
This  suggests  that  the  indcnyl  cation  16  is  formed  first  and 
is  very  reactive  (it  would  he  destabilized  by  the  p -benzoyl 
group),  but  that  it  is  converted  through  the  hydroazide  17 
to  the  quinoline  5,  rapidly,  in  successful  competition  with 
resinification.  It  is  noteworthy  that  the  bulky  phenyl  arm 
of  the  indenyl  system  of  17  migrates  to  nitrogen  rather 
than  the  vinyl  arm  of  the  indenyl  system  or  the  phenyl 
group,  as  would  be  expected  (ef.  6). 


i  '-'■riipMtPiT'rTi  L.., Jibuti I 
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U  upncjr.-  that  tin*  essential  requirement  l:>i  a  genera! 
reaction  of  tin*  above  type  is  tin*  t  nv-ia^Tihsnhstiliileil 
styrylketone  system  18  where  the  cis  configuration  is 
persistent,  whore  oycli/.ation  would  tir  luvoreil.  and  where 
an  a-group  )  would  inducts  a  livdroazidc  configuration 
favorable  to  migration  of  the  vinvl  moiety,  with  the 
(3-group  (X)  ottering  complimentary  buttressing  effect. 
As  We  anticipated.  Schmidt  reaction  conditions  did  indeed 
convert  a^-diphenylchalcone  (18A)  (14)  into  2,3,4-tri- 
pheny  Iquinoline  (19).  ctJ-O^-Dihromochalcone  (18B) 
(15)  reacted  similarly  giving  the  known  3,4-ilibromo-2- 
pheny  Iquinoline  (20)  (!()). 


The  new  quinoline  synthesis  promises  to  be  useful 
although  limited  in  applicability  (19). 


is 


A.  \,Y  =  Ph  (phrnvj) 
■.  X,Y  =  Ur  - 


UN*.  n.sn4 


Attfinpts  to  prove  the  structure  of  2,3,4-triphenvl- 
quinolinc  (19)  synthetically  by  condensation  of  aniline 
and  phenyldihenzoylm -thane,  failed.  The  isomer.  1,3,4- 
triphenylisoquinoline  (4 1 1.  was  synthesized  by  condensing 
benzhydrvlamine  anil  ben/.il;  it  proved  to  be  different 
from  quinoline  19,  thereby  supporting  structure  19  by 
that  difference. 


Ph 


Ph 

21 


That  the  mechanism  of  formation  of  19  conformed  to 
the  general  mechanism  outlined  above  and  involved  for¬ 
mation  of  an  indenvl  cation  analogous  to,  but  more  stable 
than,  16,  was  shown  by  treatment  of  the  e/s-disubstitnted 
ketones  (18A  and  18B)  with  concentrated  sulfuric  acid 
alone,  in  the  case  ol  18A.  water  anil  ethanol  quenches 
gave  respectively  tripheny limb-nol  (22A)  and  its  etliow 
analog  (22B)  (I.)  while  die  ci.v-ttihroinorlialcone  (18B) 
upon  water  quench  gave  2-bromn-3-phenvlind<-iionr  (24) 

(HI). 


EXPERIMENTAL  (20) 

Preparation  of  (J-Phenylchalconr  ( 1 4,2b). 

Pyrolysis  of  cij-1 ,2-dibenzovlstyrene  (350°,  20  minutes,  100 
mm.)  Rave  (5-plienyichalcone  in  45%  yield,  m.p.  87-89°  [lit.  92° 
(21)].  The  Schmidt  reaction,  giving  the  anilide  (7a),  was  repeated 
with  identical  results. 

4-Benzoyl-2.3-diphenylquiiioline  (5). 

A  75  ml.  chloroform  solution  of  8  g,  of  trona-dibenzoylstilbene 
(4)  (22)  and  7  ml.  of  1.38  N  hvdrazoic  acid  in  chloroform  (0.01 
mole)  was  warmed  to  40°.  Under  vigorous  stirring  6  ml.  of 
concentrated  sulfuric  acid  was  added  dropwise  over  30  minutes. 
Upon  cessation  of  evolution  of  nitrogen,  pouring  into  ice  water, 
neutralizing  with  potassium  hydroxide,  and  separation  and  evap¬ 
oration  of  solvent,  the  residual  oil  was  crystallized  from  absolute 
ethanol;  1.6  g.  (53%);  m.p.  130-132°  (not  hydrolyzed  by  hot 
sodium  hydroxide  or  sulfuric  acid);  A  max:  cm*1  1055  (C  -0); 
ran.  (e)  237.5  (46,100),  shoulders  at  252,  2b2  (41,000,  32,000). 

Anat  Calcd.  for  C28H)9N0:  C,  87.25;  H,  4.97;  N,  3.63. 
Found:  C,  87.07;  11,5.20;  N,  4.12. 

It  forms  an  unstable  hydrochloride  with  ether-hvdrogen  chlor¬ 
ide,  and  a  picrate  from  hot  ethanol  (m.p.  190-192°). 

Action  of  Concentrated  Sulfuric  Acid-Chloroform  Mixture  on  4. 

Within  one  minute  deep  red  color  developed.  Quenching  in 
ice  gave  an  oil  which  neither  crystallized  nor  gave  a  crystalline 
product  when  submitted  to  the  above  Schmidt  reaction  conditions, 
Tetraphenylfuran  failrd  to  react  with  hydrochloric  acid  under  the 
above  conditions. 

Debenzovlation  of  4-Benzoyl-2,3-diphenylquinoline  (5)  to  2.3. 
Diphenylquinoline  ( 6). 

An  ultimate  mixture  of  2  g.  of  5,  5  g.  of  powdered  potassium 
hydroxide  and  1  ml.  of  water  was  heated  until  the  water  and  an 
oil  had  distilled.  The  oil  (6)  was  extracted  by  ether,  washed  with 
acid  and  then  base,  isolated  by  evaporation  of  solvent,  and  added 
to  20  ml.  of  saturated  cthanolic  picric  acid  (heated).  The  6-picrate 
separated  and  was  recrystallized  from  ethanol  (yellow,  1.4  g. 
(44%)| ;  m.p.  224-225°.  Its  ir  spectrum  was  identical  to  that  of  a 
sample  of  m.p.  225-225°  (20a)  prepared  from  authentic  2.3- 
diplirtivlquinolinr  |m.p.  88419°;  made  bv  decarhoxv lation  ol  7 
(»)1- 

Anal.  Calcd.  lor  C27II18N4O7:  C,  63.53:  If,  3.53.  Found: 
('..63.47;  11.3.59. 

3-IMienvlcinchophen  (7)  (8)  and  its  Methvl  Ester.  Amide  and 
Nitrile, 


- . 


Ww.  j,-,u  7  prepared  ut-c«»rdi!„‘  to  t’lit/m>*er(8)  by  conden¬ 
sation  <:f  with  3»*>o\\ bn*  •  .  73fr  elhanntic  potassium 

hydroxide)  (20a);  \  mas:  an'1  1755  (C~0);  nm.  (t)  256,  350 
(  lo.Oou.  ».27o). 

The  methyl  ester  »l  7  was  Auade  front  the  arid  chloride  of  7 
by  methanolic  sodium  me thoxule  (reflux.  1  hour):  re  cry  slalli/cd 
from  methanol;  5l'r.  m.p.  1.01-130°;  A  max:  cm-1  1715  (('.  O); 
mil.  (c)  237.  23d.  332  (30.  100,  23,700,  7.000).  It  did  not  react 
with  phciiyllithium  in  ether  (toluene,  reflux  3  hours). 

Anal.  Calcd.  for  <*23»t l7N02:  C,  81.40;  11,  5.05;  N,  4.13. 
Found:  C,  31.70;  H,  5.02;  N,  4.58. 

The  amide  of  7  was  prepared  in  a  new  way  (95%)  from  7-acid 
chloride  and  concentrated  ammonium  hydroxide:  m.p.  276-273° 
(23a);  1670  cm'1  (C  O).  3170.  3310(NH). 

The  nitrile  (of  7  (23b))  was  prepared  in  a  new  way  from  the 
7-amide  by  phosphorus  protoxide  in  telrachloroethane  (reflux 
2  hours);  m.p.  154-155°:  v  2220  cm-1  (C=N);  \  (ethanol)  246, 
345  nm.  <e~ 31.3.  6.95  ;  no  reaction  with  phenylniagnesium 
bromide  (ether,  reflux  12  hours)  or  with  phenyllithium  (toluene, 
reflux  3  hours.). 

34’heitylcinchophcu  Acid  Chloride. 

A  solution  of  10  g.  of  7  in  40  ml.  of  thionvl  chloride  was 
refluxed  tor  12  hours  and  evaporated.  Benzene  extraction  of  the 
residual  oil,  evaporation  under  reduced  pressure  and  cry  stalliza¬ 
tions  of  the  residue  from  petroleum  hexane-benzene  mixture  and 
from  isooctane  pave  7  g.  of  the  acid  chloride  (607c);  m.p.  140- 
142°;  A  max:  an'1  1730(00). 

Anal.  Calcd.  for  C*22^  jaCINO;  C,  76.85;  H,  4.10.  Found: 
C,  76.47;  H,3,9l. 

6-Fhenyl-l  1-oxo-llif  indeno[  1 ,2-c |quinoline (8). 

To  a  mixture  of  20  ml.  of  dry  benzene  and  0.8  g.  of  aluminum 
chloride  was  added  dropwise  a  10  ml.  benzene  solution  of  7-acid 
chloride.  After  stirring  for  one  hour,  hydrolysis  of  the  red  solution 
with  ice-hvdrochloric  acid  and  crystallizations  from  absolute 
ethanol-benzene  mixture  and  from  glacial  acetic  acid  pave  orange 
crystals;  0.55  g.  (627c),  m.p.  259-261°;  A  max:  cm-1  1730 
(C=0);  nm.  (e)  265  (47,000). 

Il  was  also  obtained  (8%)  upon  reaction  of  the  acid  chloride 
for  45  minutes  with  refluxing  ethereal  phcnylmagnesmm  bromide 
(recovery  of  acid  chloride  1 77c). 

/tool.  Calcd.  for  C22M 13NO:  C,  85.97;  11,  4.26.  Found: 
C,  85.71;  H,  4.17. 

Preparation  of  CK,0-I)iplienylclialcone  ( 18A)  ( 1  4,2b). 

Pyrolysis  of  cis-diben/.oy  1st  ill>ene  (1)  at  320°  (20  minutes)  and 
recrystallization  from  glacial  acetic  acid,  gave  18A  in  70%  yield, 
m.p.  152-153°;  A  max:  cm"1  1660(C-0). 

Action  of  Concentrated  Sulfuric  Acid  on  O^-Diphcnylchalconc 

(18A). 

While  sliiTing,  5  ml.  of  concentrated  sulfuric  acid  was  added 
over  2  minutes  to  a  -nlutimi  of  127-  of  ISA  in  50  ml.  of  dry 
chloroform.  I  In*  ml  solution  alter  5  minutes  was  quenched  with 
ire.  F.  vapor. 1 1  ion  of  the  w  .idled  and  dried  chloroform  extracts 
and  1  r\ -tilli/.ihon  nl  I  lit-  ri--i-in.il  oil  from  hexane  (requiring  2 
da\ -),  gave  1 ,2.5-lriphenv  lm«hn  |  ol  ( 22Ah  m.p.  123.5-130.5° 
(20a)  Jlit.  120°  (  I7)J  \nolhcr  run  with  queticiuiig  in  absolute 
ethanol  gav  I \  .  |  .2.4  triplirm  hndenr  (22B).  m.p.  172- 
173.5  J  (20a)  ( Id.  172  (17)}. 

2.5,  f- 1 1  ipliem  Iquinolnic  i  19 1 


To  a  75  ml.  chloroform  solution  of  5  g.  (0.12  mmoles)  «>f  18A 
and  18  ml.  (  lr»  »vnv  •!*•-■)  of  0.87  A  In  Ira/oic  acid  in  chl«»ro*'-r:n. 
v\ a>  added  ilropwi>c  with  stirring  (5°)  |0  nil.  of  com  »*ntr ated 
sulfuric  acid  (over  0.5  Hours).  A I  ter  warming  to  room  temperature, 
quenching  in  ice.  and  neutralization  with  aqueous  .-odium  hydrox¬ 
ide,  the  chloroform  solution  was  dried  over  sodium  sulfate  and 
evaporated.  Uccrystallizalion  from  absolute  ethanol  gave  1.75  g. 
(35%);  m.p.  189-190°;  A  max:  run  (c)  247.  298,  335  (47,618). 
14,660,  12,480). 

Anal.  Calcd.  for  C27H19N:  C,  90.72;  H,  5.36;  \,  3.92. 
Found:  0,90.68;  11,5.23;  N,  4.38. 

1 ,3,4-T ripheny  lisoquinoline  ( 21 ). 

A  mixture  of  5  g.  of  benzhydrylaminc  and  5.5  g.  of  benzoin 
was  melted  at  150°  ( 10  minutes).  Addition  of  20  ml.  of  mineral 
oil,  heating  at  280°  (20  minutes),  cooling,  and  addition  of  10  ml. 
of  ether  gave  a  solid  which  was  crystallized  from  hexane;  m.p. 
208-209°. 

/Inal.  Calcd.  for  C27H19N:  C,  90.72;  H,  5.36;  N,  3.92. 
Found:  C,  90.58;  H.  5.89;  N,  3.76. 

Schmidt  Reaction  on  ci.v-O.0  l)ibromochalcone  ( 188). 

To  10  ml.  of  chloroform.  0.5  g.  ( 1.4  mmoles)  of  188(15)  and 

l. 5  ml.  of  1.03  iV  hydrazoic  acid  in  chloroform,  was  added  drop- 
wise  with  stirring.  1.5  ml.  of  concentrated  sulfuric  acid.  After  2 
hours,  quenching  in  ice,  neutralization,  separation,  and  evaporation 
of  the  nloroform.gave  a  residue  of  2-plienyU'M-dibromoquinoline 
(20)  (0.2  g.)  which  was  recrystallized  from  ethanol;  0. 15  p.  (30% ). 

m. p.  148-149°  (20a);  identified  by  ir  comparison  with  an  authentic 
sample  ( 16c). 

Action  of  Concentrated  juifuri"  Acid  on  ci$-Cg3-Dibromoehalcone 

(188). 

A  mixture  of  4  g.  of  18 B  and  10  ml.  of  concentrated  sulfuric 
acid  in  100  ml.  of  chloroform  at  40°  was  stirred  for  10  minutes, 
quenched  in  ice,  and  neutralized.  Evaporation  of  combined  and 
dried  chloroform  extracts  gave  an  oil  which  was  placed  on  an 
alumina  column  by  dry  benzene  and  eluted  with  hexane- he n/.eue 
mixtures;  this  pave  small  amounts  of  cis  and  tram  1S8.  and  then 

l. 5  p.  of  the  yellow-orange  2-broino-3-pheny linden- 1 -one  (24), 

m. p.  111-113°  [lit.  112-113°  ( 18)).  This  was  identified  by 
analysis  (20a),  mixture  melting  point  and  ir  comparison  with  a 
sample  synthesized  from  0,0-diphenylpropionic  acid  [m.p.  140- 
153  (18b,c)|  through  dehydration  to  3-plicnylindan-l-one  [m.p. 
73-76°  (13d)l,  bromination  to  the  dibromide  [m.p.  120-123° 
(18a)[,  and  pyridine  dehyrirobromination  to  24  [m.p.  1)1-113° 
( 18a) I . 

Synthesis  of  3-Melhyl-6-phenylphenanthridine  14(11). 

2-Nitro-4-methyldiphenyl  (b.p.  1  6  140-142°)  (11)  was  reduced 
by  treatment  of  a  stirred  mixture  of  27  g.  (0.(27  mob’),  250  ml 
of  95%  ethanol  and  palladium  on  charcoal  (50°),  with  15  ml.  of 
hydrazine  hydrate  added  dropwise  over  30  minutes.  Another  0.1 
g.  of  catalyst  was  added  with  refluxing  ( 1  hour).  Filtration,  wash¬ 
ing  with  ethanol,  and  concentration  to  50  ml.  and  addition  of  50 
ml.  of  hot  water,  gave  an  oil  which  was  distilled;  23  g.  (90*  <■). 
b.p.  |  5  1 26-120°  (cf.  11).  Treatment  of  20  g.  (0.109  mole)  of  the 
oil  in  15  ml.  of  pyridine  and  23  g.  <>t  I  chloride  (100  . 

20  hours),  followed  by  75  ml.  of  5rr  sodium  bicarbonate  ami 
extraction  with  100  ml.  of  brtv/enr  and  evaporation,  gave  2- 
bni/aniHio-  t-niethv  hliplietiv  I;  21  g.  ((*7*  r).  m.p.  00-92'  t  <  t .  I  1  V 
Cvdizatinn  of  2  g.  (7  moles)  by  4  ml.  of  phosphorv I  riiioride 
(reflux,  8  hours),  evaporation  under  reduced  pressure,  cxlraetiou 
with  25  ml.  ol  benzene,  evaporation,  and  cr\  stalli/ation*  from 
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tien/eue  si.tv <*  1.8  g.(9», 15:  m.p.  I  16-1  IH"  |  .iii.ilv/cd  (20.»)| 
(pirrate.  m.p.  238-215'  «)«*«-.  <  S  !  i  J .  Mini  *  •  («■  i ). 

AH.Dpn,  1 2ll.  aromatic)  2  50('  til.  I'll.) 

■H»etizo\  l-'M  1  tolv  l)-«  \  i  loliexcnc. 

A  mixture  « III  g.  (0.5  mole)  of  l-mcthv  ichalcoite  |mp. 
•I 4-96°  ( cf.  2t)|.  120  ml.  of  absolute  ethanol  and  5 1  g.  (0.5  mole) 
of  butadiene.  wa*  hr.ilt'il  in  a  steel  reactor  lor  12  hours  at  170°. 
Cooling  gave  60  >».(37ff|;  tin*  product  after  rrcrv slaJli/.ation  from 
n  hexane  and  ethanol  had  in.p.  113.5-115°;  A  max:  cm*1  1670 
<O0>. 

AnaL  Caled.  for  C;qH20^:  C,  07.00;  II,  7.24.  Found: 
C,  86.94;  11,7.51. 

24p-rotyl)benzophciionr  (11). 

A  mixture  of  27.6  g.  (0.1  mole)  of  4-benzoyl-5-(p - toly  1)- 
cyclohexene  and  6.4  g,  (0.2  mole)  of  sulfur  was  heated  for  I  hour 
at  200-230°  and  then  for  2  hours  at  260°.  Distillation  under 
reduced  pressure  and  crystallization  from  hexane  gave  4.1  g.  ( 157c) 
of  11.  m.p.  77-70°;  \  max:  em'1  l071(C-O). 

AnaL  Caled.  for  CjqIIi^O:  C,  08.20;  II,  5.92.  Found: 
C,  88.41;  H,  5.97. 

The  Schmidt  Keaction  on  11. 

This  was  carried  out  on  8  g.  (0.0294  mole)  in  80  ml.  of  stirred 
concentrated  sulfuric  acid  at  50°  by  portionwise  addition  of  3  g. 
(0.046  mole)  of  sodium  a/ide  over  3  hours,  stirring  for  an  addi¬ 
tional  12  hours,  quenching  in  ice,  filtration  of  the  precipitate, 
solution  of  the  precipitate  in  200  ml.  of  ether,  extraction  with 
50  ml.  portions  of  I  O'/p  hvdroch I <**■•<•  acid,  and  neutralization  with 
10%  sodium  hydroxide.  The  resulting  orange  oil  (3  g.)  was  taken 
up  in  hexane,  placed  on  a  60  g.  flortsil  column,  and  eluted  with 
8:92  ether-benzene  mixture  which  gave  2.8  g.  of  14-15  mixture, 
m.p.  100- 1 13°.  Fractional  crystallizations  from  hexane  gave  9.0  g. 
of  pure  14,  m.p.  116-118°;  identified  by  correct  analysis  (20a), 
spectral  comparison,  and  mixture  m.p.  with  authentic  14  synthe¬ 
sized  as  above  (11).  The  1.9  g.  of  material  from  the  combined 
filtrates  from  14  was  not  resolved  by  further  crystallizations  and 
was  a  constant  melting  mixture,  m.p.  97-106°;  it  showed  gradual 
rise  iii  melting  point  when  mixed  with  increments  of  pure  14,  and 
gave  correct  C,  II  analysis  for  C20II  15N.  Its  nmr  spectrum  showed 
a  12  proton  aromatic  multiplet  resembling  that  of  15,  and  two 
methyl  singlets,  one  of  6  2.56  (14),  and  the  other  6  2.46  which 
represents  the  one  possible  structural  isomer,  namely,  0-niethyl- 
6-phenylphcnanthrenc  ( 15)  (not  isolated  pure).  From  the  yield  of 
pure  14  isolated,  and  the  amounts  of  the  two  isomers  in  the  mix¬ 
tures  obtained  (estimated  from  the  intensities  of  the  respective 
nmr  methyl  peaks)  the  ratio  of  the  isomers  14:15  was  53.5:46.5. 
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V.  Part  7.  A  2-Vinylot'  of  2-Aryl-4-quinoIine 

AminoalcohoLs .  Based  on  the  2  ,3-Tr ime thy  1 ene - 
quinoline  Nucleus. 
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Aiitiinalarials.  It1. 

2,3-Triinot  hylone-  t-quinoliiu*  Amino  Alcohols. 
5,7-Di<'hioro-2,3-<iihy<lr»-l//-cyc)o|>cnta[b]<{iiitio- 
linc-9-(a-<li-;i-l>utylaininoinclhyl)metliaiiol 
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The  title  compound  (1)  was  synthesized  to  provide, 
for  antimalarial  testing,  an  example  of  a  4-quinoline 
amino  alcohol  in  which  position  1  was  blocked  by  the 
CHj  group  of  the  rigid  2,3-trimclhylenc  ring.3  It  w:is 
hoped  that  this  arrangement  would  prevent  rapid  bio- 
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degradation,4  and,  through  lack  of  conjugation  of  the 
type  involved  in  the  2-aryl  series,  would  minimize 
phototoxicity.5 

The  synthesis  started  from  5,7-diehloroisatin  (2)  and 
proceeded  by  the  classical  route,4  namely,  Pfitzinger 
condensation  with  cyelopentanone  to  (3,S-dichloro-2,3- 
trimethylenecinchoninie  acid  (3), 7  followed  by  diazo- 
methylation  of  the  acid  chloride  4  to  5,  hydrobromina- 
tioti  to  hrorno  ketone  6,  reduction  by  X.-tBII,-NnOH  to 
the  epoxide  7,  and  aminolysis  with  Bu.NH. 

Biological  Activity. 'Parget  eom|iound  I  proved 
to  be  only  moderately  active  against  Plasmodium 
hr  nth  ei  in  mice,  doubling  survival  time  at  a  dosage  of 
320  mg,  kg,  and  trebling  it  at  (i  10  mg,  kg. 


Experimental  Section* 

6,8-l)ichloro-2..'l-lrimeth)tenecinehoninic  Acid  I5,7-I)ich!oro- 


2,3-dihydro-t//-cyclopcnta|t|quinolinc-9-carboxylic  Acid)  (3) 
(CJ.  the  llnchlorinated  Acid1). — The  purple  slurry  from  addition 
of  21.6  g  (0.1  mole)  of  2  to  16.8  g  (0.3  mole)  of  KOII  in  1‘26  ml  of 
ICjC)  was  added  under  stirring  to  20  g  (0.238  mole)  of  cyelopen- 
tanonc  in  160  ml  of  ahs  KtOlI.  After  retluxing  (23  hr)  and  evapn 
in  vacuo,  the  residue  was  dissolved  in  700  ml  of  11,0.  Acidifica¬ 
tion  with  AeOH  gave  3;  this  was  dissolved  in  KOlI-HiO,  repptd 
by  AeOH,  and  washed  successively  with  dil  AeOH,  HjO,  and 
cold  KtOII:  23  g  (Sl.6%);  inp  272-274°  dee.  Anal.  (Cu- 
HrCltNOj)  C,  II,  N.,b 

3  Potassium  Salt  (8). — A  hot  soln  of  5  g  of  KOH  in  20  ml  of 
abs  EtOII  was  added  with  stirring  to  a  suspension  of  21.9  g  of 

3  in  160  ml  of  warm  KtOII.  Chilling,  filtering,  and  washing  with 
cold  EtOH  and  with  260  ml  of  Kt-O  gave  21.47  g:  unchanged  at 
325°;  ir  (cm-*)  2976,  2930,  1680  (C=0).  Arm/.  (C„II,- 
CI,KN05)C,  II,  N. 

3- Methyl  ester  (9)  was  prepd  by  CHjN'j-EtjO  on  3;  crvstd 
from  ElOll -hexane:  tnp  177-178°;  ir  (cm-1)  1720  (C=0); 
nmr  (Cl)Clj),  1  8.30  (t  II,  doublet),  7.30  (1  H,  d;,  4.13  (3  H,  s'), 
3.31  (4  11,  triplet),  2.25  (2  H,  quintuplet).  Anal.  (C»Hn- 
CWSOUC,  1:,  N. 

3-Amide  (10)  was  prepd  from  4  by  aq  NIL;  crystd  from 
EtiO-hexane;  inp  286-287°  dec;  ir  ("cm'1)  3360,  3160,  1680. 
Anal.  (CijHicCIjNjO)  C,  H,  N. 

6,8-l)ichloro-4-bromoacetyl-2,3-trimethylenequinoline  (6). — 
A  C«II»  soln  of  3 -acid  chloride,  4,10  was  prepared  from  13.S  g  of 
3-HCI  by  reaction  with  PC1S  (100°,  30  min)  and  extg  with  dry 
CsH,"  (quenching  of  an  aliquot  in  ice-NHj  gave  10).  This  was 
added  (below  10°,  over  0.6  hr)  to  5.61  g  of  dry  CHiN:  in  700  ini 
of  Et«0  (KBr  pellets;  H,0  present  at  this  point  readily  converts 

4  through  3  and  ClIiNi  to  9).  After  warming  to  room  temp 
(2  hr)  43%  llBr-HjO  was  added  (stirring,  40  min).  The  Et-jO 
layer  was  washed  successively  with  48%  llBr,  H»0,  and  NaCl- 
H?0,  dried  (MgSO»),  and  evapd  in  vacuo.  The  residual  oil  in 
700  ml  of  petr  ether  (bp  65-110°)  was  decolorized  (char¬ 
coal,  reflux)  and  successively  coned  and  cooled  giving  6:  re- 
crystd  (hexane),  mp  125-127°  (still  impure);  ir  (cm-1)  3090, 
3000,2970,2940,  1720;  nmr  (CUCh),  7.80  (1  II,  d),  7.60  (1  11,  d), 
4.38  (2  H,  s),  3.21  (4  H,  overlapping  triplets),  2.37  (2  11,  quin¬ 
tuplet). 

(1)  (a)  This  work  was  supports!  by  the  U.  S.  Army  Medical  Research  and 
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8/mie/lxiric.  J.  (>’(/  Chem.  29.  S|t  •  I  '*♦*•  * ).  gave  amorphous  orange  prod- 
icts.  esrepl  in  one  of  the  laiti-r  e\j  erttoeiu s  u-ing  3  K  Salt  (6)  (not  Si'ccr-  «- 
fully  rej*e:i!«*d)  win  •«  >’••1)11  ,«.:en*  1  g.n  e  3  •  Me  e»ter  9.  ST'  i  ). 

(11)  <’/.  the  ieirah\ droamd.iie  analogs;  45.  K.  Patnaik,  M.  M.  Vohra. 

J  S  Uni- Ii a.  t'.  P.  tlarg,  and  N.  \rnaiid,  J.  Med.  Chem  .  f,  483  il%t*t. 
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6,8-Dichloro-4-epoxyethyl-2,3-trimethylenequinoline  (7). — 
A  soln  of  1  g  (0.026  mole)  of  NaliH,  in  10  ml  of  11,0  ami  7  ml  of 
2  iX  NaOH,  was  added  dropwise  over  10  min  lo  a  stirred  sus¬ 
pension  of  4.65  g  (0.013  mole)  of  nearly  pure  6  (above)  in  30  ml 
of  MeOH.  Stirring  for  an  addl  1.3  hr,  cooling  for  13  min,  filter¬ 
ing,  and  washing  with  MeOH  gave  3.42  g  (1)4.5%)  of  7  (mp  134- 
139°);  recrystd  from  Et-O-hexane,  mp  144-145°;  ir  (cm"’) 
2960,  2980,  3100,  none  for  0=0;  nmr  (GDC1,),  8.02  (1  H,  d), 
7.71  (1  H,  d),  4.26  (1  H,  m),  3.10  (5  H,  in), .2.17  (2  II,  quintuplet). 
Anal.  (CuHoChNO)C,  II,  N. 

5,7-Dichloro-2,3-dihydro-l//-cyclopenta[6]quinoline-9-(a-di- 
n-butylaminomethyllmethanol  HCI  (1). — A  suspension  of  3.6 
gof7  in  12  ml  of  Bu.NlI  was  stirred  for  4.5  hr  at  105-110°, 
monitoring  disappearance  of  7  (4  hr)  by  tic  (silica  gel  (1,  1 : 1  Et,0- 
hexane).  After  evapn  in  vacuo  of  BujNlI  (60°)  the  oil  (5.1  g), 
dissolved  in  150  ml  of  Et-O,  was  treated  with  increments  of 
EtjO-HCl,  each  sufficient  to  give  0.2-0.4  g  of  1  (each  fraction 
being  washed  with  Et,0).  Fractions  1-4  contd  decreasing  amts 
of  BujNH-HCl;  and  5-8  were  largely  1  (2.65  g).  Repeated 
recrystn  from  EtOH-Et-0  gave  0.5  g,  light  tan,  mp  160-162° 
dec;  ir  (cm-')  3410,  3220  (OH),  2960,  2940,  2880  (CH),  2670, 
2620,  2530  (NH).  Anal  (CnH3„CI2NsO  HCl)  C,  H,  N,  Cl. 

Incidental  and  Preliminary  Experiments.  Attempts  to  r.Jd 

2- PyLi  and  MeLi  to  the  2,3-trimethylenecinchoninic  acids  were 
unsuccessful,  presumably  because  of  steric  interference  of  the 

3- CII,  group  and/or  the  activity  of  the  2-CH,  hydrogens  (c/. 
ref  12). 

2.3- Trimethylenecinchoninic  acid  -HCI  (II),  pptd  from  Et-O, 
mp  252-255°  dec,  was  treated  with  PCU  (steam  bath  for  30  min, 
addn  of  CtH«,  and  reflux  for  2  hr),  giving  a  ppt  presumed  to  be 
the  acid  chloride  HC1 112)  f sublimed,  8%,  mp  245°  dec). 

2.3- Trimelhylenecinchoninamide  (13)  was  prepd  from  12  by 
treatment  with  HjO-NII,;  crystd  from  EtOH,  mp  276-277°; 


ir  (cm1)  3330  (si,  3110  (s)  iNH:),  HISS  (C^  O).  Anal.  (Cu¬ 
ll, ,N,0)  C,  11. 

4-Iiromoacetyl-2,3-trimethylenequinoIine  HBr  (14 ). — OHjNi- 
Et-O  with  3  g  nf  12  (overnight i  gave  orange  cubes  of  diazo  ketone. 
Treatment  with  10  ml  of  4s%  HBr-HjO  gave  14;  crystd  from 
EtOH;  2.1  g  (70%);  mp  208°  dee;  ir  (cm-1)  1730  (C  — -O), 
2500  (NH).  Anal.  fC,.H„Br,NO)  N. 

Derivatives  of  2,3-trimethylene-4-quinolones  were  made  bv 
the  action  of  the  appropriate  aniline  on  ethyl  cyclopentanone-2- 
carboxylate,  cyelizing  at  230°,  and  crystn  from  EtOH  :,b  “  15,  (a) 

6,8-Cb,  26%,  mp  303-307°  (b)  cyclization  bv  refluxing  Pb-O, 
recrystd,  mp  314-313°  (lit.»b  313°)  (Arm/.  (CnHeChNO,  C,  H, 
Nl;  16,  6,8-Mej,  60%,  mp  326-327°  [Ana/.  <C,.H,,NOt  N); 
17,  6-Me,  39%,  mp  319  322°  [Ana/.  <C„H„NO>  C,  H);  18, 
8-0 Me,  26%,  mp  212-213°  [Ana/.  (CijHoNO,)  C,  H,  N);  19, 

S-Cl,  21%„  mp  209-270°  |Ana(.  (C.-HioClNO)  C,  H,  N] ;  20. 
8-F,  15%,  mp 292-293°  [Anal.  (C,:H,„FNO)  C,  H,  N], 

4-Bromo-2,3-trimethylenequinolines  were  prepd  by  treating 
the  quinolone11  with  POBrj  at  120°;  crystd  from  EtOH;  21 
(parent  compd),  50%,  mp  72-73°  [Ana/.  (CuHmBrN),  C,  H,  N] ; 
22,  6,8-Mci,  from  16,  69%,  mp  124-125°  [Anal.  (C„H„BrN) 
C,  H], 

4,6,8-Trichloro-2,3-trimcthylenequinoline  (23)  was  prepd  by 
refluxing  POClj  on  15,  crystd  from  EtOH,  80%,  mp  160- 
162°.  Anal.  (C„H,C1,N  )  C,  H,  N. 

Attempted  preparation  of  4-lithio-2,3-tHmethylenequinolines 
from  21  .  nd  21  by  Bul.i  and  addns  to  2-pyridaldehyde  were 
unsuccessful,  presumably  because  of  the  activities  of  the  2-CHi 
groups.1* 

(12)  P.  G.  Campbell  and  P.  C.  Teague,  J.  Amet.  Chem.  Soc.,  7t,  1371 
(1954). 

(13)  D.  K.  Blount.  W.  H.  Perkin.  Jr.,  and  S.  G.  P.  Plant,  J.  Ch,m.  Sot.. 
1975  (1929). 
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V.  Part  7.  (Continued) 

Antimalaria  Is .  1 1  '.r  Vinylogs  of  Substituted  2-Arvl-4-gninoline 

Aminon  Icoho  Ls  .  5  -  (,£-Chlorobenzy  lidine )  -5 ,7  -  dime thy  1- 1 ,  2-d ihydro- 1H- 

cyc lopenta [b]quinoLine-9  and  2-£-Chlorostyry 1-6 ,8 -dime thy 1-4 -quino¬ 
line  (a-Di-n-butylaminomethy 1 )methanols . 

Manuscript.  To  be  submitted  to  the  Journal  of  Medicinal  Chemistry. 

By  J.  M.  Sanders'* and  R.  E.  Lutz*  (Supplements:  by  B.  B.  Corson,  J. 
Pociask,  H.  Koppel  and  J.  Riedmaier,3  and  by  R.  G.  Bass  and  R.  R. 
Hir j  ibehdin1  XJ  . 

Department  of  Chemistry,  University  of  Virginia,  Charlottesville, Va . 

Abstract .  Syntheses  were  from  S ,8-dimethy 1-4-hydroxycarbostyril 
by  3,3-dichlorination,  dimethoxy lation  to  the  3-ketal,  hydrolysis 
to  the  glyoxal  acetal,  Pfitzinger  condensation  with  eye lopentanone 
or  acetone  to  the  2,3-trimethylene  or  2-methy lquinoline ,  condensa¬ 
tion  with  4-ClPhCHO  at  the  2-methylene  or  methyl  group,  hydrolysis 
to  the  4-quinaldehydc ,  methylenation  to  the  epoxide,  and  condensa¬ 
tion  with  Bu2NH0  The  first  was  curative  against  P.  berghei  in  mice 
at  40  mg/kg. 


Since  6 ,8-dichloro-2 ,3-trimethylene-4-quinoline-(a-di-n-butyl- 
aminomethyl)^methanol  (l_ ) 1  was  moderately  active  against  P.  berghei 
in  mice  and  non-photoxic  in  animals,  the  £~chlorobenzylidine  6,8- 
dimethyl  analog  2_  and  the  parent  2-£-chlorostyryl-4-quinoline 
aminoalcohol  .3  were  synthesized  for  comparisons  with  the' highly 
curative  2 -ary  1-4-quinolyl  aminoalcohols  of  type  4^.  Compound  2_ 
has  a  rigid  tricyclic  nucleus  in  which  the  quinoline  moiety  is 
conjugated  through  the  2-vinyl  group  with  the  £-ClPh  in  a  presumably- 
trans  and  relatively  planar  cha lcone-likc  system  where  the  1,2-quino- 
line  C=N  replaces  the  chalcone  C=0;  and  3_  has  the  simple  trans- 
chalcone-like  system  planarized  by  resonance. 


Cherni strv .  In  an  attempted  synthesis  of  the  5 ,7 ,4 ' -trichloro  analog 
°f'  £-C IPhCHO  was  condensed  at  the  active  CHo  of  the  2,3-trimethy¬ 

lene  carboxylic  ester  (  39 "*i0  )  ,  but  the  acid  chloride  on  diazo- 
methylation  and  hydrobroinination^1  failed  to  give  the  bromoketone 
and  exhausted  supplies  of  intermediates.  The  Ziegler  synthesis3  of 
4-qui  naldehydes  was  then  utilized,  starting  from  2 ,4-Me2PhNH;>  rather 
than  the  preferred  2 ,4-CloPhNH2  because  of  the  reported  much  better 
yield  of  intermediate  9  (5c  heme  T).  Com!on«=n  t  ion  of  ethyl  m..l  ,nate 
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with  2  4-MOoPhNH?  and  hydrolysis  of  S  gave  oalona-lc  ocid  I  Cycll- 
zation  to  6  Q-dimethyl-4-hydroxycarbostyryl  (8),  5  ,,-drch  lorrnacro  a 
la  l  dimetAoxylation  to  the  3-ketal  10,  and  hydrolyse,  gave  glyoxal 
acetal  U.  Pfitzinger  condense, tion  with  cyclopentnnone  tothe  2  3- 
trimethyTenequlnoline  12^  condensation  at  the  2-CHa  wiLh  4  hill 
hydrolysis  to  quinaldehyde  13,  methylenation  to  the  epoxide  14, 
and  condensation  with  BuaNH,  gave  aminoalcohol  2. 


The  route  tb  the  parent  2-vinylog  of  the  2-aryl-4-quinolme 
aminoalcohol s ,  2- (4-chlorbstyryl)  analog  3,  branched  from  Scheme  I 
by  condensation  of  1_1  with  acetone. 


AntimalarLal  Activity.5  The  2-p-chlorpbenzildine-2 ,3-trimethylene- 
4-quinoline  aminoalcohol  was  active  against  ]?.  berghei  in  mice  at 
10  mg/kg,  cured  2  of  5  mice  at  20  mg/kg,  and  was  completely  curative 
at  40  mg/kg.  It  was  mildly  phototoxic  In  animals  (MED,  ip,  rng/lcg:  100) 


Considering  the  manifold  increases  in  antimalarial  activity  in 
other  series  upon  replacing  6,8-Me-.  by  more  effective  pharmacophoric 
groups,3  it  would  be  of  interest  to  make  and^est  the  6  ,8-Cla  and  CF3 
analogs  of  2.,  and  representative  cis  isomersc  and  saturated 

analogs . 

Svnt hcscs  of  2,3-Tr I m e thylene  Compound  2  and  its  q-Piporidyl  A nalog 
by  classical  routes  f  were  uadertiken  by  Corson,  Riedmaier, 

Pociask  and  Koppcl3  to  obtain  a  sample  for  clinical  trial.  The  last 
step  condensation  of  aminoalcohol  2ia  with  £-ClPhCH0  (Scheme  III) 
gave  only  5%  of  2 ,  possibly  because  of  sensitivity  of  the  amino¬ 
alcohol  chain  with  its  active  4-methine  group. 


-so- 
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Attempted  synthesis  of  the  2-piperidyl  analog  of  2,  via  pyridylation 
of  19.  to  2 5  ^hydrogenation  to  .26,  and  condensation  with  £-ClPhCHO,  gave, 
instead  of  the  desired  aminoalcohol ,  .an  isomer  which  has  now  been  shown 
to  be  the  oxazolidine  27.,  the  cyclic  azaketal  of  the  secondary  amino 
alcohol  2j5.c*-Q’9  Possibly  the  azaketal  group  might  serve  protectively 
in  forced  condensations  at  the  2-methylene  group^  to  be. 

followed  by  the  very  facile  acid-hydroly tic  regeneration  of  the  secondary 
aminoalcohol  grcup.3c 


Proof  of  structure  21_  rests  on:  (a)  Total  inactivity  against  P. 
berghei  in  mice  in  contrast  to  total  curativity  of  2_  at  40  mg/kg#,s. 

(b )  Facility  at  25°  of  hydrolytic  cleavage8’9  of  27_*2HC1  to  2f>  and 
p-ClPhCHOa.  (c)  Absence  of  N-H  and  0- H  i_r  absorptivity  at  3,400-3,500 
cm'1  (KBr  or  CHC13) (shown  by  2).  (d)  Lack  of  chalcone  type  uv  absorp¬ 
tivity  above  nm  350  (shown  by  2).  (e)  Nmr  spectra  compatability  with 
27  as  a  pair  of  diastereomerslTr  (unseen  by  tic):  6,  CDCl3(or  C6D6), 
5.70,  6.15,  J8 ,  Hz  26(30),  IH-dd  with  all-equal  peak  intensities  rather 
than  the  1:2  peak-intensity  ratios  calculated  for  each  of  the  doublets 
were  they  coupled  (LACOON  111,  least  squares  fit  simulation).  D20 
caused  no  D  exchange  required  by  0-H  and  D-H.  (f)  Chemical  ionization 

mass  spectrum  (D.  F.  Hunt10):  substituting  D20  for  H20  as  reagent  gas 
failed  to  increase  the  molecular  weight  of  the  abundant  M+ 1  ion  (M<  H 
m/e  433,  M+D  m/e  434),  thus  excluding  0-H  and  N-H  (spectrum  compatible). 


groups  at  posi.tion-3  (paralleling  Scheme  l) 
sample  has  not  yet  been  obtained). 


(an  antlmalarial  test 


I 


Synthesis  of  2  started  with  reaction  of  2 ,4-dimethy  laniline 
and  diethyl  nialonate  (1:6  mixture,  190°  until  evolution  of  EtOH 
ceased  ),cbo  Mixtures  of  5i  and  (3  were  obtained  by  pouring  into  MeOU 
(chilling),  concentrating  in  vaco  (recovering  diethyl  nialonate), 
and  extraction  of  the  residue  (boiling  Et^O) .  Recrystallization 
(Et20-hexene)  gave  ethyl  N-(2 ,4-dimethy ] '  pheny  1  )malonamate 
mp  102-10 4°;  characterized  by  ir  (cm  1 ) ,  6340,  3320,  1730,  1675; 
anal,  by  nmr  (CDC13):  61.21  (t,3,  J  =  7.5  Hz),  2.30  (s,6),  3.49 

U,2),  4.28  (q ,  2 ,  J  =  7.5  Hz),  7.08  (m,2),  7.81  (s,l),  9.15 
(s,  broad,  l).  Two  successive  treatments  of  5-6  mixture  with 
boiling  10%  NalIC03  (6  hr),  cooling  and  filtration,  gave  malonic 
acid  bis-2 ,4-dimethy lanilide  (6);  mp  126-164°  (containing  no  5, 
tic,  silica  gel  <9,  EtOH);  characterized  by  mass  spectrum,  m/e 
310  (M  )  ,  163,  149,  148,  122,  121  (base  peak),  120,  106,  77  (this 
should  be  convertible  to  JL0  by  A1C13).3C  Acidification  of  NaHC03 
filtrates  from  6  (HCl)  precipitated  N- (2 ,4-dimethylpheny 1 )malon- 
amic  acid  (]_) ;  recrystallized  (EtOH)  (75%),  mp  158-159°;  mass 
spectrum,  m/e  297  '(M  )  ,  163,  122,  121  (base  peak),  120,  106,  91, 
77,  44.  Anal  (CuH13N03)  C  (calcd  63.76,  found  65.0),  H,  N. 

Preparation  of  6 ,8-dimethyl-4-hvdroxycarbostyry 1  -  (8)  was  by 
cyclization  of  7  ( PPA ,  145)’  ,  4  hr);  recrystallized  (DMF);  mp  355° 
dec  (lit3b  360°T. 

3  ,3 -Diehl  or o-6  ,3  -  dimethvl-2 ,4-di.oxo-l  ,2,3,4  -  tetrahydroquinoline 
T reluxing  ''solution  of  8  (  L2 :  2 :3  dioxane-HoO-conc  HCl) 
was  treated  dropwise  with  600  ml  of  30%  H202  at  a  rate  to  main¬ 
tain  the  exothermic  reaction  at  90-95°;  9  precipitated.  After 
30  min  (80-85°),  cooling  and  diluting  (ice-H20)  ,  9  was  filtered, 
washed  (H-O)  and  dried  (100°,  20  hr);  yellow,  mp  217-218°  dec 
(lit3b  215°);  61%  from  2;  recryst  (THF-hexane) ,  mp  222-223° 
dec;  mass  spectrum,  m/e  257  (Mr  base  peak),  223,  189,  174,  158, 
148,  130,  119,  104,  103-,  92,  77.  Anal  .  (CnHsClaNOa  j  C,  H,  N. 

3 ,3-Dimethoxy-6 ,8 -dime thy 1-2 ,4-dioxo- 1,2,5 ,4-tetrahydroquino- 
line  (10) .  —  Addition  of  a  solution  of  40  g  of  Na  in  Me OH 
(600  ml)  to  2  (202  g  in  MeOH,  500  ml,  exothermic  reaction)  re¬ 
fluxing  (30  min) ,  quenching  (ice-5%  HCl),  filtration,  and 
washing  (ll20)  ,  gave  10;  recryst  (MeOH,-  yellow)  ,  mp  206-208°;  nmr 
(CDC13),  6  2.10  ( s  ,3*77  2.22  (s,3),  3.47  (s,6),  5.32  (s,l),  6.37 
(s,2),  7.08  (s,  broad,  l),  7.72  (s,l).  Anal.  (Cl3  H1SJN04)  C,  H,  N 

Diethoxy  Analog  of  10 prepared  from  9_  by  NaOEt;  mp  191-192° 
dec.  Ana  1  .  (C13H(yK04)  C,  H,  N. 

2 -Ami  no -3 , 5-di me  thy  I  phenyl g I voxa  1  Dime  thy lace ta 1  (22)-"“  A 
suspension  of  J_9  in  1.L5  1.  of  69  aq  KaUd  was  refluxed  (1.25  hr), 
cooled  (10  ),  saturated  with  NaCl^'extractcd  portionwise  with 
1.6  1.  of  F.tr0 ,  giving  22  (00%  from  dimethylani  1  ine)  ;  bp  127- 
128 ° t0 . 23  mm..  Nmr  (CDC13),  6  210  (s,  3),  2.22  (s,  3),  3.47 
(s,  6),  5.32  (s,  l),  6.27  (s,  broad,  2),  7.98  (s,  l),  7.32  (s,  l) 
Anal.  (  C,  ,H17N0:t)  C,  H,  N . 
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5 ,7-Di.methv  1-9-  ( di  me thoxyme thy  1 )  -2  ,3-d  Ihyclro  - IH-cyc  1  openta  [b  j 
quinoline  3(~‘ —  A  solution  oi  Na  (2.5  g  k'jC'Hf  H  (29.5  g) 

and  eye lopentanone  (15  g)  was  refluxed  (17  hr)  and’quenched 
(saturated  NaCl).  Et 20  extraction,  evaporation,  and  crystalli¬ 
zations  (hexane)  gave  JL2  (25.1  g,  70#.  yellow),  mp  78-89".  Anal . 

(c17h21no2)  c,  h,  n. 

3-  ( 4-Ch  lor  opheny  1^-2 -eve  1  open  ten  one  03$  prepared  (21#)  like  the 
phenyl  analog'3;  sublimed  (75°/0.3  mm),  inp  96-98";  mass  spectrum, 
m/e  192  (ff),  157,  149,  136,  129  (base  peak),  126,  L27;  nmr 
(CDCls);  6  2.60  (m,2),  3.25  (m,2)  ,  6.59  (in,l),  7*55  (m,4).  Anal. 
(ChH9C10)  C,  H.  Attempted  condensation  with  _L1  was  unsuccessful. 

5-  ( 4-Chlorobenzv  lidene  )  -  5  ,7  -  dime  thy  1-2  ,5  -  dihydro  -  111  -cvc  lopenta- 
[b]quinoline-9-aldehyde  ( 13 —  a  mixture  of  T2  (7.89  g)  , 
£ClPhCH0  (4.26  g),  dry  NaOAc  (2.51  g)  ,  Na2C03  (10.6  g)  and  Ac20 
(300  ml),  was  refluxed  ( 17  hr),  cooled,  and  hvdrolized  (15#  NaOH). 
The  precipitate  was  washed  (il20,  Et20,  13-acetal ,  9.76  g).  A 
mixture  of  an  aliquot  (5.67  g) ,  CHC13  (250  ml)  and  5#  HC1 
(50  ml)  was  stirred  (1  hr)  [1:4  H20-THF  dissolves  _12  and  may  be 
preferable.]  Evapn  of  the  CHC13  and  Lt20  extracts  gave  13(5.45  g} 
54#  from  12) ,  mp  233-235  dec;  recrystallized  (THF ) ,  mp  237-239° 
dec;  mass  spectrum,  m/e  347  (M*",  base  peak),  346,  319,  318,  312. 
Anal.  (C23H28C1N0)  C,  H,  N. 

3- ( 4 -Chlorobenzy lidene ) -5 ,7 -dimethyl -2 ,5-dihydro-lH-cyc lopenta- 


rb]quino line -9 -ethvlcne  Oxide  (l_4_).ci'  —  To  a  mixture  of  THF 

Tl00  ml)  rtnt/A/>;><(5. 24  g  of  54#  mineral  oil  dispersion  in  DMSO, 

100  ml,  heated,  70°)  was  added  TIIF (cooling  to  -p  :)t 
Me 3 SI  (25  g  in  DMSO,  175  ml,  over  3-5  min,  ±5°),  then  THF  (50  ml) 
and  13  [9  g  suspended  in  THF"*' (159  ml)}over  2-3  min  (-5°),  Stirring, 
15  min  at  -5°  and  1.25  hr  at  room  temperature,  quenching  (H20 
and  saturated  NaCl'),  extraction  (Et20,  and  2:1  Et20-THF),  and 
crystallization  (Et20)  ,  gave  _L4  (4.57  g,  49#),  mp.  203-206°  dec, 
recrystallized  (Et20) ,  yellow,  mp  205-207°  dec;  mass  spectrum, 

361  (M+,  base  peak),  345,  344,  343,  332,  318,  297,  236.  Anal. 
(C23H20CINO)  C,  11,  N. 

3- ( 4-Chlorobenzylidenc ) -5 ,7 -dime thvl -2  ,3-dlhvdro-l  11 -cvc 1 npenta- 


[b  ]qui  noli  ne-9  -  ( &-di  -  n-bu  tv  1  ami  nomethyl )  met  ha  no  1  (2y  , —  A  sus¬ 
pension  of  _L4  (3.32  g).in  BuoNH  (7.5  g)  was  heated  (under  N2 , 
145-150°,  9  hr,  u/ith  disappearance  of  J_4  monitored  by  tic  (silica 
gel  G,  Et20-hexane ) .  RemovaL  of  excess  Bu2NH  (55°/3  mm)  and 
crystallization  (Et..  3  -TIIF )  gave  3.  Go  g:  recrystallized,  yeiloiv, 
mp  153-155’  dec;  uv  (EtOil),  nm  (ex  10"3):  235  sh  (1.79),  294 

(28.3),  293  (29.0),  350  sh  (17.5),  364  (25.2),  381  (25.2).  Anal. 

(C3iH39C1N20)  C,  11,  N. 
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2 ,6 ,8-Trimethylquinoline-4-aldehydc  I) i.ir.o L by l  Aceta  l _ 1 2C g3  —  A 

soln  of  11J  (10.7  g)  and  Me2C0  (3  g)  in  abs  EtO.i  (30  nil)  was 
added  rapidly  to  a  30  ml  EtOH  soln  of  Na  (0.85  g).  Refluxing 
( 18  hr),  quenching  (aq  NaCl)  ,  Et20  extrn,  vac  evapn  and  chroma¬ 
tography  (Florisil,  300  g,  elution  by  hex  and  9:1,  3:1  and  2:1 
hex-Et20),  gave  \b,  11.29  g,  (96$),  tic,  single  spot  (silica  gel-C-, 
eluent  4:1  hex-Et20) ,  bp  125-125 . 5° /0 . 33  mm,  colorless;  nmr 
(CDC13)  6  2.5*  ( 3H ,  s )  ,  2.9(3H,s),  2.2(3H,s),  3.38(6H,s)  5.9  (lH,s), 
7.44(1H,  broad  s),  7.57(lH,s),  7.86(1H,  broad  s)  Anal.  (C15H,9N02) 

C,  II,  N. 

2- (4-Chlorostyryl ) -6 . 8 -dime thy lquino line -4 -aldehyde  (jJ3).C^3  -  A  mix¬ 
ture  of  15  (12.7/g),  p-ClPhCHO  (7 . 9,g)  ,  anhyd  NaOAc  (9.8;g),  anhyd  Na2C03 
(l4jg),  and  Ac20  (300, ml)  ,  was  refluxed  (18  hr)  and  quenched  (ice-H20- 
KOH-NaCl).  J_6-Acetal  was  isolated  by  repeated  extrd  (THF)  and  hydro¬ 
lyzed  (THF-H20-conc  HC1,  300/150/25  ml,  brief  reflux).  JJ5  was  extrd 
(THF,  Et20)  and  recryst  (Et20-hex) ;  7.51g  (50$);  recryst,  yellow,  mp 
167-169°;  ir  (KBr ) :  1700  cm  1 ;  nmr  (CDC13),  6  2.50  (3H,  s)  2.78 

(3H,  s),  7.12-7.65  (7H,  m)  ,  7.81  (lH,  s),  8.47  (1H,  broad  s)  ,  10J.4 
(1H,  s).  Anal.  (C20Hi6C1NO)  C,H,N. 

2-(4-Chlorostyryl) -6 ,8-dimethylquinoline -4-ethylene  Oxide  ( 17 ) . 4  - 
Prepared  like  14;  recryst  (Et20) ,  yellow,  mp  14*1-142°.  Anal .  (C2iH18 
C1N0)  ,  C,H,N.  Reaction  with  NHBu2  (140-145°,  9  hr,  under  N2)  was 
shown  to  be  incomplete  (by  H.  R. .Munson)  by  tic;  mass  spectrum,  m/e 
464  (3 i  ,  142  (CH2NHBu2). 

2- (4-Chlorostyryi) -6 ,8 -dime thy lquino line -4- (tx-di-n-butyiaminomethyl) 
methanol -HC1  (3)\  -  To  NaH  'Cl.Q'g,  Et20-Washed)  in  DMSO  ( 10  ml,  fo,° 

1  hr),  was  added  THF  (50  ml),  cooling  to  and  maintaining  below  0°. 

TMSI  (8f>  in  DMS0(50  ml)  was  added  slowly,  then  _16  (2.^g  in  THF), 
stirring  (25°,  3  hr).  After  pouring  into  H20,  extrn  (Et20),  drying 
(Na2S04)  ,  evapn,  addn  of  NHBua  (10  ml)  to  the  residue  ( 17_)  ,  and 
heating  (160°,  under  N2 ,  18  hr),  and  vac  evapn  of  excess  NHBu2,  the 
product  was  chromatographed  (  silica  gel,  EtOAc-CeH6).  3_*HC1  was  pptd 
by  Et20-HCl:  l.i/g  (40$),  mp  125-130°  (decomp,  requires  vac  drying). 
Anal.  C29H3qC12N20(C ,H ,n) .  Nmr,  Cl  mass  spectra:  compatible. 

Derivatives  of  5,7-Dichlor  o-2  ,5-dihydro-lli-cyclopenta  [b  ]quinolinc-9- 
carboxylic  Methyl.  Ester  ^V^as  intermediates  for  synthesis  of 
antimalarials 


3-  ('}  -3n  Lorobcnz  /l.idi  ne)5,7-d  i.chloro-2 .5-dihvd  r  oc  vc  lopen  t  a  f  b  *!q  u  i  n  o  H  n  c> 
^-carboxylic  Methyl  Ester  (Hfi) A  mixture  of  ^(29.6  g),  4-CLl>hCH0 
(1.47  g),  dry  NaCAc  (9  g)  and  Ac20  (200  ml),  was  refluxed  ( 1.8  hr)  and 
quenched  (ice-H20).  Stirring  (1.5  hr),  basification  (50$  KOH ) , 
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washing  the  precipitate  (H20,  and  Et20)  and  crystallization  (CHC13) . 
gave  £9^,  2*j  g  (58 ?>  ;  recrystallized  (CHC13),  yellow  needles,  tup 
2Q0-2ti3°  dec;  mass  spectrum,  m/e  417  (M+ ,  base  peak),  416,  402,  382, 
358,  322,  298,  251,  161,  149,  144,  143,  126  ;  125.  Anal.  (C21H  ,4C13  ’ 
N02)  C,  H,  N.  A  similar  condensation  with  the  acid  of  39  was  unsuc¬ 
cessful.  The  acid  of  40.  A  refluxing  suspension  of  esier  4o  (22  g) 
in  400  ml  of  THF  (400  ml)  to  which  was  added  7.5  g  of  KOH  (in  200  ml 
of  H20),  after  20  hr,  was  quenched  (ice-H20);  and  acidification 
(coned  HCl) ,  gave  20.9  g  (98$),  recrystd  (H20-THF),  yellow,  mp  297- 
300°  dec.  Anal.  (C20H12C13N02 )  C,  H,  N. 

Bromination  of  39«  A  stirred  suspension  (12  g)  and  NaOAc  (13.5  g) 
in  AcOH  ( 100  ml ,  50-70°)  was  treated  dropwise  (3  hr)  with  Br2  (13  g 
in  100  ml  of  -AcOH ) ,  and  (after  1  hr;  was  quenched  (ice-H20),  giving 
10.5  g  of  4l-4g  mixture  (separated  by  chromatographing ,  fluorisil, 
elution  wii_n  nexane  and  9:1  hexane-C6H6). 

3 ,3-Dihromo-5 ,7 -dichloro-2 , 5 -dihydro- lH-cyclopenta [b]quinoline-9- 
carboxylic  Methyl  Ester  (>|]\  ;  recrystallized  (charcoal,  Et20)  ,  mp 
166-168°.  Anal.  (C , 4H9BrTCl2N02 )  C,  H,  N. 

3 -Br  onto- 5 ,7  -  d  ich  loro -1H- eye  lope  nta[b]quinoline-9-carboxylic  Acid 
Methyl  Ester  (42);  insoluble  in  Et20;  charcoaled  (C6H6 ,  reflux) ; 

0.29  g.  recrystTllized  (C6H6),  mp  165-170°.  Anal .  (Ci4HeBrCl2N02) 

C,  H,  N.  ' 

New  Compounds  by  B.  B.  Corson,  J.  Rledmaier,  J.  Pociask  and  H. 

Vnppnl  (mn)  analyzed  ( C  , H . N  . B  r  .  C 1  w  i thin  t  0. 4 % )  .  -  19,  C15Hl;>  N02  , 
21( 124-125° )Ci6H17N0,  22 -HBr ( 195-196° dec . )C16Hl7Br2N0 ,  23(l40-i4l°) 
C1GH17NO,  24(67.5-69°)C24H3aN20,  25 ( 192 . 5-193 . 5° )C20H, 8N20 ,  26 
(221-225°  )C2OH2qN20,  27  from  26  by  £-ClPhCH0,  26/1  mlPy/pip,  80-95  , 
8  hr  ( 148-150° )C27H23C1N20 ;nmrTCDCl3 ) S  7.  5-7 . 8 (m,6H) ,  6.16,  5.70 
(dd  1H,  carbinol  C-H,  2  diastereomers )  ,  4.82(bs,lH),  2.78,  2.47  (s, 

3H  each,  CH3 )  ,  27 ,2HCl(dried  ,  lmm,  2  hr,  22° )C27H29C1N20- 2HC1 (Cl , 
Cl).  2  from  24  by  £-ClPhCH0,  50/2ml  Py/pip,  100°  ( 149 . 5-153°  ).  C31H39 
C IN 2o( yield  3$,  yellow ) (anal ,  nmr  compatible). 


5 ,7 -Dime thy 1-4- (p-chlorobenzilidine-1 ,2 ,5 ,4-tetrahydroacridine- 
9-'(a-N-piperidinomothyT)methanol  (57),  by  R.  G.  Bass  and  H.  rT 
Hir i ibedin1 1  (Scheme  IV ) .  New  compounds  (mp)  analyzed  (C,H,N±0.4).- 
28 (74-75° )C18H23N02 .  23(110-111°,  yellow)Ci6Hi7NO.  30(175-177°) 
C23H20C1NO.  31(93-95°^77Hi9N0.  32>(l7l-172°  )C24H22C1N0.  34(198-200°) 
C21H22N20.  3jf222-223° )C28H25C1N20.  36(153-160° )C25N26C12N02.  37 
(207° )C23H33C1N20.  Ir,  nmr  and  mass  spectra  were  compatible  with 
28-37, 11  but  33(mp  84-86°)  did  not  analyze  correctly. 
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(1)  J.  M.  Sanders,  D.  P.  Clifford  and  R.  E.  Lutz,  J.  Med.  Chem. , 

_14,  1126  (1971). 

(2)  (a)  R.  E.  Lutz,  P.  S.  Bailey,  M.  T.  Clark,  J.  F.  Codington, 

A.  J.  Deinet,  J.  A.  Freek,  G._  H.  Harnest,  N.  H.  Leake,  T.  A.  Martin, 

R.  J.  Rowlett,  Jr.,  J.  M.  Salsbury,  N.  H.  Shearer,  Jr.,  J.  D.  Smith, 
and  J.  W.  Wilson,  III,  J.  Airier.  Chem.  Soc .  ,  68,  1813  (1946'': 

(b)  D.  C.  Martin,  J.  D.  Arnold,  D.  F.  Clyde,  M.  A1  Ibrahim, 

P.  E.  Carson,  K.  H.  Rieckmann,  and  D.  Willerson,  Jr.,  Antimicrobial 
Agents  and  Chemotherapy,  3,  214  (1973); 

(c)  D,  F.  Clyde,  V.  C.  McCarthy,  C.  C.  Robert  and  R.  M.  Miller, 
ibid.  ,  3,  220  (1973); 

(d)  C.  J.  Canfield,  A.  P.  Hall,  B.  S.  MacDonald,  D.  A.  Neuman  and 
J.  A.  Shaw,  ibid.  ,  3,  224  (1973). 

(3)  E.  Ziegler  and  (a)  K.  Gelfert,  Mon .  Chem . ,  90,  822  (1959); 

(b)  R.  Salvador  and  Th.  Kappe,  ibid .  ,  93,  1376  (1962);  (c)  R.  Wolf 
and  Th.  Kappe,  ibid.  ,  96;  418  (19657;  (dj  Th .  Kappe,  ibid.  ,  96,  889 
(1965);  (e)  Th.  Kappe  and  H.  G.  Foraita,  ibid .  ,  97 ,  409  ( 1966T. 

(4)  E.  J.  Corey  and  M.  Chaykovsky,  J.  Amer.  Chem.  Soc,,  84 , 

866,  782  (1962). 

(5)  T.  S,  Osdene ,  P.  B.’  Russel  and  L.  Rane ,  J ,  Med .  Chem.  ,  10 , 

431  (1957). 

(6)  Cf.  (a)  H.  R.  Munson,  R.  E.  Johnson,  J .  M.  Sanders,  C.  J. 

Ohnmacht  and  R.  E.  Lutz,  J,  Med,  Chem.,  in  press,  (b)  C.  B.  Wetzel, 

J.  R.  Shanklin  and  R.  E.  Lutz,  .ibid,  1_6,  528  (1973).  (c)  C.  J. 

Ohnmacht,  A.  R.  Patel  and  R.  E.  Lutz,  ibid,  14 ,  926  (1971).  (d) 

C.  J.  Canfield  and  R.  S.  Rozman,  Bull.  WLd.  Ulth.  Org.,  5£,  203  (l97i). 

(7)  D.  W.  Boykin,  A.  R.  Patel  and  R.  E-.  Lutz,  J.  Med.  Chem.. 

1JL,  273  (1968)  . 


(8)  (a)  B.  B.  Corson,  J.  Riedmaier,  J.  Pociask  and  II'.  Koppe i , 
Antimalarinl  Preparations  Lab. ,  "Annual  Progress  Reports"  to 

U.S.  Army  Medical  Research  and  Development  Command:  (a)  July,  1372 
(p.  7-12,  25.-37);  (b)  October,  1973  (p.  61-65)  ;  (c)  Project  now 
shelved. 

( 9 )  (a) J .  W .  C o r nf or th ,  Oxazoli.dines  ,  Heterocyclic  Compounds  ,  R .  C . 
Elderfield,  Editor,  John  Wiley  and  Sons,  Inc.,  New  York,  3,  391  (1957) 
(b)  F.  I.  Carroll  and  J.- T.  Blackwell,  J.  Med.  Chem.,  17,  210  (1974). 

(10)  D.  F.  Hunt,  C.  N.  McEwen  and  R.  A.  Upham,  Anal.  Chem.,  44, 
1292  (1972). 

(11)  R.  G.  Bass,  Virginia  Commonwealth  University,  Richmond,  Va . 
M.  S.  Thesis,  by  R.  R.  Hirj ibehdin,  1974. 


(12)  G.  H.  Patel  and  C.  M.  Mehta,  J .  Sci .  Ind .  Res . ,  13B ,  438 
(1960)  [CA,  55,  9401  (1961)1. 

(13)  A.  L.  Wilds  and  T.  L.  Johnson,  J.  Amer.  Chem.  Soc .  ,  87 , 

286  (1945). 

(14)  J.  P.  Phillips,  R.  Breese  and  E.  M.  Barrall,  J.  Org,  Chem., 
24,  1104  (1959) . 


-66- 


-66- 


Analvliral  Data  on  new 

Compound.''. 

"Antimalarlals.  11." 

Calcd 

Pound 

J.  M.  Sanders  and  R.  E.  Lutz  ^ — 

— * - - - \  7 - 

Conipd  No. 

formula 

C 

H  N  C 

H  N 

2 

C3iH30C1N20 

75.82 

8.00  5.70  75.64 

8.14  5.64 

Cl 

,  7.22 

7.07 

7 

CulIiaNOa 

63.76 

6.32  6.76  64.98 

6.41  6.75 

9 

Cii«9C12N02 

51.19 

3.51  5.43  51.35 

3.66  5.29 

10 

Cx3Hi sN04 

62.64 

6.07  5.62  62.84 

6.14  5.40 

10-di0Et 

analog 

CisH19N04 

64.96 

6.90  5.05  64.77 

6.95  4.96 

11 

Ci2Hi7N03 

64.55 

7.68  6.27  64.28 

7.70  6.02 

12 

Ci 7H21NO2 

75.24 

7.80  5.16  75.50 

7.92  5.17 

13 

C22H1sCl.NO 

75.97 

5.21  4.03  75.02 

5.22  3.80 

14 

CaaHsoCINO 

76.34 

5.57  3.87  76.28 

5.60  3.65 

16 

C21H14CI3NO2 

60.24 

3.37  3.34  60.24 

3.26  3.28 

16-acid 

C2  0^12  Cl  3  NO  2 

59.36 

2.99  3.46  59.52 

3.02  3.31 

17 

Ci4H3Br2Cl2N02  37.04 

2.00  3.09  37.21 

1.97  3.08 

18 

Ci4IIaBrCl2N02 

45.08 

2.16  3.76  45.13 

2.15  3.78 

38, 

Ci 1H9CIO 

68.58 

4.71  ---  68.37 

4.87  --- 

ii 

CisHigNOs 

73.44 

7.80  5.71  73.46 

7.85  5.86 

20 

CaoHieClKO 

74.65 

5.01  4.35  74.63 

5.22  4.17 

21 

CziHieCINO 

75.11 

5.40  4.17  71.11 

5  ..71  4.01 

by  Corson , 

Riedmaier,  Pociask,  Koppel,  Compounds10 

af  Scheme  IV . 

19 

CisHisNOs 

5.81 

5.75 

21 

Cic^iyNO : 

80.3 

7.16  5.85  80.38 

7.13  5.89 

22 

Ci6Hi7Br2NO 

48.15 

4.46  3.51  3.83 

(Br ,40.05 

3.51  3.85 

39.68) 

23 

C10H17NO 

80.3 

7.16  5.85  79.90 

7.43  5.45 

24 

C24H3GNc0 

78.21 

9.85  7.60  78.29 

9.86  7.63 

25 

C20H 1  (iNzO 

79.44 

6.00  9.27  80. OQ 

6.13  9.26 

26 

CzoHzo^aO 

9.03 

8.86 

27 

CrvHpqClNrO 

74.89 

6.75  6.47  74.99 

6.65  6.45 

27-2HC1 

CrTlIogCINpO-BHCl  Cl, 

, Cl :  7  01,  14.02; 

6.05,  14.7 

By  Bass 

and  Uir : 

i  ibod in. 

Coupounds 1 

lof 

Scheme 

V. 

8. 17 

99 

28 

C  1  ollpnNOs 

75. 

77 

8. 

12 

4. 

.91 

75. 

93 

4. 

29 

Ci  o^i 

7  NO 

80. 

30 

7  . 

16 

5 

.05 

80. 

09 

7.24 

5 . 

,74 

30 

C23H  r 

oCINO 

76. 

34 

5. 

57 

3 

.87 

76. 

07 

5.61 

3 . 

,71 

3J, 

C17H1 

9N0 

80. 

60 

7. 

56 

5 

.53 

00. 

29 

7.46 

5, 

,62 

32 

C24Hr 

oCINO 

76. 

69 

5. 

90 

3 

.73 

76. 

53 

5.95 

3, 

.62 

51 

C?iH2 

oN20 

79. 

21 

6. 

96 

8 

.80 

78. 

96 

7.05 

8. 

,73 

35 

Cs»»H? 

t.ClNpO 

76. 

26 

5. 

71 

6 

.35 

76. 

23 

5.79 

6, 

.36 

3n 
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nuclear  planarity  and  through-conjugation),  showed  high  curativity 
but  were  phototoxic.  ' 

(7)  The  6 ,8-dichloro-4-quinoline  aminoalcohol  v;ith  a  2,3- 
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amino  alcohol  with  £ClPhCHO,  is  now  shown  to  be  the  oxazolidine. 
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